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ABSTRACT

Obesity is being characterized by expanded adipose tissue and increased blood lipid
levels. This study focused on evaluating the effect of papaya on hyperlipidemia and obesity
in rats. Sparague-Dawley rats were randomly divided into two groups, normal (C) and high fat
(HF) diet groups. After 8 weeks on the high-fat diet, this group was further divided into three
sub-groups: high fat diet (HF group), high fat diet + papaya juice 0.5 ml/100g BW (HFL group),
and high fat diet + papaya juice 1.0 ml/100g BW (HFH group). Papaya juice was administered
orally to the rats in the HFL and HFH groups and the same amount of water was
administered orally to the rats in the C and HF groups. Our results showed that the HF group
rats gained body weight, and increased lipid accumulation in the adipose tissue and liver,
whereas the rats in the groups with papaya juice either had significantly lower body weight
and lipid accumulations. As well, these results demonstrated that being fed the high-fat diet
resulted in an increase in serum lipid profiles (total cholesterol and triglyceride) in those rats,
but the papaya juice administration of the two other groups resulted in a significant
decreased in levels of total cholesterol and triglyceride. Furthermore, the rats in the HFH
group showed significant decreased in epididymal adipose tissue and hepatic lipid

accumulations when compared to the HF group. In addition, HF showed the significant

increased serum MDA, TNF-OL and IL-6 and decreased serum SOD levels while the reverse
results were observed in HFH and HFL. These results strongly indicate that papaya manifests

anti-hyperlipidemia, antioxidative, anti-inflammation and anti-obesity properties.

Keywords: anti-hyperlipidemia, anti-inflammation, anti-obesity, anti-oxdiation, high fat diet,

papaya juice
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(MATERIALS AND METHODS)
nsivelundell wlsnsveaeadiu 2 d@w Ao in vitro study wazmsveaesludaineaes
1. In vitro study: Effect of papaya on pancreatic lipase activity
1.1 NAYIULAZNBMDNITNINUYEY pancreatic lipase
1.1.1 Lipase assay (McDougall et al., 2009)
1.) ¥in1sagane Lipase 90 porcine pancreas Type Il (Sigma product L3126) Tu
51@@1/1‘% finududu 10 me/ml ndamnnduhludniedes centrifuge 71 16,000 rpm
Wunan 5 undl wahdiu supernatant iuld
2.) W3sy assay buffer @9 100 mM Tris buffer (pH 8.2) wag LW3sy substrate fivz
1% fie p-nitrophenyl laurate (pNP laurate) Ingazany 0.08% w/v pNP laurate Tu 5
MM sodium acetate (pH 5.0) @4l 1% Triton X-100 n&saniu Wilddaluinien 1u
nan 1 it wadlidnfy wdnilyiliduiigumniivies
3.) w3gunay control assay leNas assay buffer 914U 400 L, substrate 31U
450 uL wag lipase 971U7U 150 uL

4.) HANUNNZAZNDNALTLTUAIY ¢ AU AU assay buffer, lipase, substrate 31ntu

11U incubate figauiadl 37° C tHuvaan 2 Falus
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5.) thandiedes centrifuge 71 16,000 rom Wuan 1w waahluieAinis
@@ﬂﬁuuﬁqﬁ 400 nm §ew3es UV spectrophotometer iiai1unvnen % control
activity WIsuiguiv orlistat Fadu positive control
2. In vivo study: Effect of papaya in high fat diet induced obesity
2.1 faineasy

[
[y

dninaaeslidwiunuiduilfe vywsmines (Sprague Dawley rats) Uwiin 80-100
N3u 0gUsEanal 1 ieu lngdedsweand tindnineaeauiannd w.adina a.eate1 .88
3. uATUTY UavtuNaeaan udninnaeunen1sidy InnINgIaeusms INeUNAaeIaLgn
wuangusiveuenidesiunss q a 2 M nesduriesnatunueumailiaeii 25.0£2.0 o
wadea Naaalnvesadlnluenies Tuyasian 07:00-19:00 u.
nynnaeszgnuunluaesinguiie vyneasnlasuemsund (C) warnymaassnlasy
U U . I 1y ¢ = I3
g msludugs (30 ¢ Tuilu/100 g food pellet, Mutiso et al, 2014) {Wuwaan 8 duam Gy

szovnafiannsamienimyliiaannzduld (Mutiso et al, 2014) tnassiluniseinduiinyey
Tunngdu aliimdniemydunus ddhmindvemyiildsuommslutugedamnn
15% vasiwiindamyildsuommsund asfiomyedlunaeisin Weasufmun 8 dami
dninnaesasgnuuadu 4 nqu 9 az 7-8 i loun

1) nauauAx (C): lasuemsuna

2) nquemnsludiugs (HP): lsuemsludugemnugnsdieiu

3) ngueslusiugsiilasuthaunzazne (0.5ml/100g BW) (HFL): Issuemmslusiugs

mugnstsukazlasuinAuuzaznaluUIua 0.5ml/100g BW
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4) nguensludugeiilasuinaAuuzazne (1Iml/100g BW) (HFH): lasuemslusiuas
mugnstsuaslasuinAuugavneluysuna 1ml/100g BW
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e ludsminglusiuagan 1iudenann aorta swdanuilewds wu du diethludasizrim

AN ,

Sacrifice— Experiment ||

4 ..... Papaya juice-~-->§

— Control and High Fat diet —>

Acclimatization ; V

I I I v I

I I I | I [ I I I |
Experiment | 1 0 ) il 6 8 10 12 Week

< Body weight and Food > |

intake measurement

. |A
In vitro study [ [€ In vivo study

Animal group: C (81v13Un#), HF (@wn3busiugs), HFL (mmslsuﬁuqaﬂf’msasﬂa 0.5m(/100g BW),

v

HFH (mmﬂ‘uﬂuqaﬁfﬂmazﬂa 1ml/100g BW)

Exp I: In vitro study of papaya effect on pancreatic lipase activity

Exp II: In vivo study of papaya effect in high fat diet induced obese rat
2.1 Fat accumulation and lipid profiles
2.2 Inflammation

2.3 Oxidative stress and antioxidant
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2.2 MILm3sUUIAUNaLl

Tunsnaassilaglduraznean Fadunalindionfiuegs lnedenalian twenden

Y 1 cil @ v gj 5 Y o v = a %:’ gj yay v %)’ Y
LU UIULAN 9 Madmﬂuumv-ml,l,mmlﬂﬂiaﬂ Q@Uuﬂﬂﬂﬁmqﬁﬁuqﬂuw'ﬁ'lﬂ%lmLLa%u’]'Vi‘Nﬂ
= K 9 = = o = a Y]
VDIULATNDEAR ﬂ']3Lmiﬂllu’]Nﬁlﬂiﬂiﬁuﬂ'ﬁﬁ@u%l{ﬂglﬁiﬂﬂnﬂﬂu LW@{jQUSLUL'Ja']L@EJ'Jﬂ‘NVJﬂ

v v
(9

1hAungasneanlalumen p-carotene way

va v

dubunan 4 et uenand (adeléd
ATUTAID High performance liquid chromatography (HPLC) ﬁﬂmzaSﬂQQﬂﬁlﬁﬁlzﬂﬁlﬂ
Uoulvivyluu3aunas 0.5ml/100g BW uag 1ml/100g BW

VL0 Uzaznagn 50 nsulihinAunzazneUsyana 30 ua. uzazne 1 ndu i p-carotene

67.60+£9.93 g UazInniiuG 304.96+24.81 g (N1ANWIN N)

2.3 Anthropometric measurement and food intake

1% '

Favsunaemsivyiudnly dadmdnduasinndn ey Weasuiivua vy
V9aILgN terminate wazrdileidelusiudgiu perirenal wag epididymal fat pads eenun
Wedsdvtnlusiuazanluniieuss meg/100g Umting?

2.4 Blood and biochemical analyses

2.4.1 navesuzavnaneszauluiuluiben
Wdeantaainvungausng 9 luwsesimen lipid profiles tauf total
cholesterol, high-density lipoprotein way triglyceride Inald commercial kit

2.4.2 NATBINLATNDADNITATUAITONLEY
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11 plasma WiAlAsgiseauaas proinflammatory cytokine #aluanslu

nszsulAAnnTEUIuNMISNEY LAl interleukine-6 Uag tumor necrotic factor-a
Tngld commercial kit
2.4.3 NAYRINLALNOABNITANUBULADATE
2.4.3.1 WATIzN5LAA Lipid peroxidation
WFRAYBINYNNNGY W IHANETTavane trichloroacetic acid (TCA)
ALY 0.1% (w/v) fidlauszana 10 wiinegluuuwieod 10,000xg tUuaan 20
WM asazagaIuuuUsuINg 1 Jad8ns Wy thiobarbituric acid (TBA) A1
LU 0.5% (w/v) Tu TCA Avanauau 20% (wA) USuas 2 adans sntuiily
Unlugaumil 95 asiwaldea uiu 30 Wi deuthluvusisdnads thansazane
auuuluinAIn1sganauLas (absorbance) fiAue1IAAY 532 uag 600 WILULLAS
A I UIIa MDA
2.4.3.2 InTenlSunuasiueyladase
11 plasma YBMUNNNGN UIATILVIIUTUIN superoxide

dismutase Wa¥ glutathione reductase lag/ld commercial assay kit

= a I3 ) & A o
2.5 miﬁﬂwﬁ‘mﬂf\]amUﬁﬂﬂﬂﬁﬂamﬂawmmzL‘IAEJL‘EJEJI“U@J'L!

Y S o a o Y . ) v v ) )
PraunaziiadsluiiuusnusunslUuanemie normal saline FuUlvwits nasanntuiild

uwy overnight 1 4% paraformaldehyde:0.1 M phosphate buffer solution dloasu

svagaiduilelu dehydrate #1128 alcohol Lagane alcohol panlagldans xylene 13u

Wesluvihuaenduilelu paraffin tie1tuiledefuiunts embedded aslu paraffin
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& a v % ) & X A 1 . Y] & a ¢
UaaNSeUTRsua uaneaniulloltauruug (paraffin section) #839INTLAATIZYNA

A & L A A - a ' @
ennsavauvestuiuluyuiadelaonsAinwinmsiuasunlasguuasvunvesanlbudy
Wiguiguiulunyngusing 9 (Gu et al, 2012)

2.6 NMTASILNNEDR

ATlAvzuanINaluguvres mean + SEM wagyMaUSeuiisunan1svnaasme one
way ANOVA LaglUTauifisuannuuansnauasaiaaesie Tukey’s multiple comparison

]
v o aa A

test IngAmuuansegsitedAynsaiadie P value < 0.05
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NANTSNAABILAZN15aAUS18NE

(RESULTS AND DISCUSSION)

Part I: In vitro study: Effect of papaya on pancreatic lipase activity
navastnuzaznasansiusinsieuvasieules pancreatic lipase

nwan1snaaestaenisld orlistat Wuasunsgiulunsdudanisvhaures pancreatic
lipase wazld p-nitrophenyl laurate iy substrate wuimsduds pancreatic lipase fiannandudi
10me/ml Tngansinmsguagliranissudanniunusesuanudutuves orlistat Wnefimsdudsns
vihaouveseulwiifosay 3.82+3.13, 16.02+6.68, 16.53+6.73, 20.77+6.25, 32.64+7.50,
19.23+2.56 |, 56.31+3.91  61.43+288 , 60.88+3.59 WAy 64.73+2.60 dienanduduves
orlistat 0.001, 0.01, 0.1, 1, 10, 20, 40, 60, 80 Way 100 UM AIUFIAU wagnuimssuueuleiian
Iannitandionnuiduduyes orlistat 7 100 pM Faamnsadudanmavinuresoulesly 64.73% 3
annsadudimsieureseulsildedrdited Seyvneadid P value<0.001 WiawSeuifisuiuaiy
uduves orlistat 71 0.001 uM (157971 1)

uanaNnil Lﬁav‘hﬂﬁmaaﬂﬂaﬁfwﬁguwazﬂaqﬂLﬁuﬁaﬁué’quiﬁﬁmmaq pancreatic
lipase 1aeld p-nitrophenyl laurate i substrate wuinnsduda pancreatic lipase fianududuy
10mg/ml Yuzaynefiannuiduduniig 9 f¥esarnstudamsvihauveaeulesid 1.60+0.50,

17.1042.96, 23.49+1.35, 30.25+5.22 way 40.37+3.87 Heududuvesizaznedt 12,5, 25, 50,

75 wag 100% anuasu nsdugaeulediinlaunniianiiennududuvesiugazneagf 100% &
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o w aa

aunsadudinsvinnuveseuledlaegldedfyn@dain P value<0.001 Ingamnsadussioula
161 40% (915747 2)
Woluuliisu % inhibition 989815 orlistat wagdNzgaznatunul Uszansnnlunisdugs
° - PN I = v O °
N3YINUTBIULLALNBANTIAILTNTY 25% Uz 50% TANaNNI0lUNTEUgINIsIIUYeY
y o

lipase talndAesriu orlistat NALLTY 0.1 Uag 1 pM ANUEIRY WeNIINT WngaNaaninL

WU 75% Huszansainlunsduds pancreatic lipase atisuiwiniu orlistat AuLudy 10 uM

T Y
= o

Tuvueiiharagnegnilauidudu 100% fiusvavsnmlunsdudinisyhauees pancreatic lipase
Igfieuwinfu orlistat fienududusening 10-20 M

o mﬂwamimmamma,Jﬁaagﬂlﬁiwﬁmsazﬂammaaé’ué’jﬂmiﬁwmumm pancreatic
lipase launsdau LLasﬁmzasﬂaqﬂ 100% FiUszansamlumstiudansvieuaes lipase Tndifoeiu
orlistat fiennadudu 10-20 uM Fsmsdudaeules pancreatic lipase Hazdwasenisanawosnis

gosuazn1snadululiulssinam triglyceride
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A13199 1 LARITouazn1IuUgINISneIuYes pancreatic lipase 1oy orlistat A MLTLTU 0.001-

100 uM) Tagle p-nitrophenyl laurate \Ju substrate

Orlistat concentration (uM) % inhibition

(mean+SEM)
0 0

0.001 3.82+3.13
0.01 16.02:+6.68
0.1 16.53+6.73
1 20.77+6.25
10 32.60+7.50
20 09.23+2.56
40 56.31+3.91
60 61.43+2.88
80 60.88+3.59
100 64.73+2.60

Data are expressed as mean + SEM (n=4 with triplications).

* XX

indicate the significant difference at P<0.05 and P<0.001, respectively when

compare to orlistat at 0.001 pM.
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A13199 2 LARITOUArN1TTUHINITNINIUYEY pancreatic lipase InuAuNzaznoy 0, 12.5, 25, 50,

75 uag 100% Anududuvesihauuzazne lagld p-nitrophenyl laurate 10 substrate

‘13mzazma % inhibition
(Gpunduduvenihdunzasne) (mean+SEM)
0 0

12.5 1.60+0.50

25 17.1042.96

50 23.49+1.35

75 30.25+5.22

100 40.37+3.87

Data are expressed as mean + SEM (n=3 with triplications).
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n15AN®I9 2: In vivo study: Effect of papaya in high fat diet induced obesity
Havasuzaznadaumtnamyluudaziuai
nuanmeaes deliewnsludugaluszesiiat 4 dUawi nuanhmindivesmyngui

o w aa

lasuemsund (C) uagvyilasuenmsludiugs (HP) danuuandwiuedhiduddnynieadian

o

P<0.01 WamuinAIANNUANATasdmtindvemuisaasnagulirUszana 9% Welwensludu
1 ﬁ' 1 1 901 v LY} 1 1 U 1 1 al v o o Aqd‘

geailleanudrAnihmiindivemuyngu C unnasiurungy HF sgaiiteddgmneadian p<0.01 uay
Lﬁaﬁwmmﬂ'ﬁmmLmﬂm'Nsuaaﬁmﬁﬂﬁwawgﬁmmﬂ@:uﬁﬁﬂmﬁﬁ 5,6 WAz 7 AN 13, 14 way
15% MUaIRU hudUun 8 ihwilndvesyngy C LLazwﬂuﬂfju HF JANULANANNALLNNTY
(P<0.001) KIDUNUIAILIUAIAINULANANYDIUNMUNAINUINTAULANAIITY 16% NANISNAADINLA
ludUamin 9, 10 uaz 11 Winafwilouiufiuduavivl 8 uaviilefsdunvigavinenyisaesnaud
YIRUNHINLANAAUNINATT 20%

ﬁm%’wﬁuﬂfcjmﬁlﬁ%’ummﬂmﬁuqﬁ'mﬁ’uﬁm3a3ﬂa 1ml/100g BW (HFH) wuinilaUeuin

v c: ) s o Y & ~ & "5 v W | P

wzagnabmuluna 4 §ai AsddUavn 8 Beduamin 12 wuindwidndavemylungy HFH &
Uminfanas wazAnladinnuunnsseg sl Aynisaiandlain 10 (P<0.05,
467.58+25.30), @Ua19i7 11 (P<0.01, 477.57+19.87) wazdum19in 12 (P<0.01, 475.20+14.04) 1iie
Wiguiiguiunylungy HF WewSeuiiguiwindivesylungy HFH wudndmindavylunay
HFH TudUavidunnviil 10, 11 wag 12 Teldunnsnaanumdndivemylungy C

wennil Wletedmindivesylungu HFL wudt dwidndvemyiiuwilduanas usidnidn

Winalalifianuuandegeilidedfynadadaiouiisuiunylungy HF nan1smeaeduaniss

Tuguil 2
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31]1'7; 2 Data are expressed as mean + SEM of 8 rats/group. Body weight of rats in 4
groups (C, control diet; HF, high fat diet; HFL, high fat diet + papaya juice 0.5ml/100g BW,
HFH, high fat diet + papaya juice 1ml/100g¢ BW) were measured every weeks for 12 weeks.
" indicate the significant difference at P<0.01 and P<0.001, respectively when compared
the high fat diet group to the control group.

" indicate the significant difference at P<0.05 and P<0.01, respectively when compared the

HFH group to the high fat diet group.
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NAYDIUINLALNBABUNNUNAINNNTULAZUSUIUBIMNSNLASU

Wmndveayynnauluduanisusu lifianuwensnsiuegrfidedAynieada widieli

[
o v v

% [ [ L4 ) 9; L 1 . 1 1 a a
mmi"lfumuqqt,ﬂuszswnm 12 dUan LASYIUTNUNUNDU terminate WUNUUN[U HF UUIRUNFIN

Y

winnImlungu C egaildudAaynieadin (532.29+12.06 Wag 458.38+5.98 anuladiy; P<0.001)

= %}1 v U ldl QI &{ ! dl ! ! ! a o o U aad‘ lﬂl QIJ
e minmiimtulunyngs HF fanandmylungy C egnsllledrdynieadan P<0.001 1ads
Wwitindvylungy HFL wuhdwdndmyluduanvigae wasdmdndmndiaduivulivanadle
Wisuiisuiunylungy HF usiegdlsfinig Anhwdndilalidiannuuanseiu dmsudimindmy
Tungu HFH wudndwidndvemylunguil fuwdndaludUannsusuiliwandeanlungudu o
wikilotamiindgavnewaziwind gty wudwynlasuenmsludugenuiuinugasne

1%
o

1m/100g BW flvhusindwaziimdngafiiiudy (476.4347.27, 287.86+8.40) ﬁaaﬂdﬁmﬂumjmﬁ

o w

lgsuommsludugaiivsegiumen (532.29+12.06, 338.14+11.44)0 19 Tud Ay 9adng P<0.01
uenni wuindwiindludunsigarewasimindiiutuveamylundy HFH Selsiunndisan
thwiindvaavylundy C

Lﬁ@fﬂﬂ%mmmmaﬁlﬁ%’ﬂwwmazmjmLﬂ%mﬁwﬁuwudw wlungu C, HF, HFL wag HFH
ﬁﬂ%mmmiﬁummiagjﬁ 17.25+1.15, 20.83+1.21, 20.86+0.40 uay 20.14+0.87 auaddu daile
thuninsesimeadaudamuimynnnguiisnsnisiueimsiliuandnaiu (51e7 3)

Frduannuanianaaes uandidiuintuzagnofiuinm 1ml/100g BW Snalnemsasatimiin
¢ il mdniuasiminiiduturemyiildsuewnslutugsanas Taonaildlaiieadasiu

YSununsiuemsuesvy
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M1319% 3 LanensiUSeuisuinuingsuay dmtndageving dntndiiiiudulasusuiaems

M vo o ¢ v o
nlasuluduavigaevemylungueng «

Parameters
Initial body Final body Body weight gain | Food consumption
Treatment
weight (¢) weight (g) () at final week
(g/rat/d)

C 185.50+2.34 0458.38+5.98 272.88+5.72 17.25+1.15
HF 194.14+4.93 5322941206 | 338.14+11.44 20.43 + 1.21
HFL 190.86+5.32 508.29+411.63 | 317.43+11.91 20.86 + 0.40
HFH 188.57+2.00 476.03+7.27 287.86+8.40 20.14 + 0.87

Data are expressed as mean + SEM of 8 rats/group. Initial body weight, final body weight,

body weight gain, and food consumption of the 4 groups (C, control diet; HF, high fat diet;

HFL, high fat diet + papaya juice 0.5ml/100¢ BW; HFH, high fat diet + papaya juice 1ml/100g

BW) were measured at the end of 12 weeks treatment.

XK KKK

indicate the significant difference at P<0.01 and P<0.001, respectively when compare to

the control group.

“indicate the significant difference at P<0.01 when compared to the high fat diet group.
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NAYRIlaZNaAUNVLNYBIAULALLUBLE D LUy

(% ¥

nuan1snaassnuImylungy HF Suvdnvesdiv Weweluduusiiule (perirenal fat)

X A o a Y] - ' ! A v 3 i
waziilewdeluiuuinasdume (epididymal fat) mnnivilungu C wadlednisliuzaznagnnuin

CY

wlungu HFH SAnhvdnvedluduludiule uagdunzanas udlifinnuwnnsnsegredidedAgmnia
aa A = = Y S o d L A o & \ oA P VI S Y)
adAllalUSeuisuiuny HF lneimidnfianaswesilebeluiuniassdiudamlndlifssivivdnves
dgj ﬁl U ! ﬁl Tl = iO’ v dy ﬁl U a U ! ! iO’ U
Waelufiulungu C WeSsuiisuiminvesieweluiuusnudumslunyngy HFL wudnhwdn

v o

vouilaieluifududnaanasesnaiitfoddymsadif P<0.01 WaiSeudisusumlungu HF
Tusnedhminvessuresmyiildsuomnslasugmnnguiimunnimylunds C agnad
AFN9EdRT P<0.001 (115197 4)
fedu annsoagUlihemslefugeilmimdnvesiuwandabolutuuinalawasuiin

aumzdminaiinunniu lunaeiuzasneanyihliivtnvealetoluivanadlndifsauns ueliiing

fan1sUasukUasnunYaIfy
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a I} = %/ L% U dy = L% a dy = L% a (%
A15199 4 uansnsiSeuiisudvtdnaessiv Wedeladuusnulauasifiodeluduusudung Tu

NUNAUANY 9|
Y 9

Organ weight
Treatment (g/100g BW)
Liver Perirenal fat Epididymal fat
C 2.59+0.18 0.92:0.09 0.74+0.09
HF 4384025 1.2140.11 0.90+0.05
HFL 4.7740.42 1.02+0.03 0.70+0.07""
HFH 4.49+0.18 1.10+0.10 0.75+0.05

Data are expressed as mean + SEM of 3 rats/group. Liver, perirenal and epididymal fat weight

of the 4 groups (C, control diet; HF, high fat diet; HFL, high fat diet + papaya juice 0.5m/100g

BW; HFH, high fat diet + papaya juice 1ml/100g¢ BW) were measured at the end of 12 weeks

treatment.

* KK KKK

indicate the significant difference at P<0.05, P<0.01 and P<0.001, respectively when

compare to the control group.

“indicate the significant difference at P<0.01 when compared to the high fat diet group.
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navasuuraznasaseauludulutien (Effects of papaya juice on lipid profiles)

HavasuTasNafaTEAuABIATINaTOA ULAEN
d' £4 g < [ L4 ! oA e o
Nnuaneaeuiieliemisluiugaduia 12 e nudwylunguitlasuemsludugs
(HF) isgAuvetpaiaaimosenaust niltsddyniadadlowSeuiisuiunyilasuensuna (O

(P<0.001, 310.25+13.55 Ay 82.67+2.52 AUAIU)

dnsununguilasuemsludugesinduiiugagne 0.5 ml/100g BW (HFL) wuinseiuves

'
o w aa A

AolaaLnaTaalunUNgy HFL (159.1048.61) anasegeiitfudAgynvadiflleiusouiieuiunylungy
HF (310.25+13.55) 1 P<0.001

wennil e Tnsvivresnaiaawesealunynauilasuamsludugenuiuinugasne 1

ml/100g BW (HFH) wuan lananisuaassluluiianiafedniu e szauvsinsiadinosoalunse i

'
o w aa A

donvawylungy HFH (191.15+5.43) asasegsilleddyniadaidlonseuieuiumlungu HF
(310.25+13.55) #1 P<0.001

oehdlsfnu Susrhssdureseanamesealunynauiildsuuzasnotisanindy (HFL wa
HFH) axfimanaadloiSeuifisudungy HF usdsnsirngeninsziuneiaanasoalunynguilssy
915UNA (O) Fawanimaassiuandluzuil 3

Fadu 9nnan1smeaesasnInagUlii diuzaznegnannTnansyiuraInelaanesealy

nszuadenlunynlasuamisludugs wiliaunsoanseiunaiaameseaduiidwiniunylungy

Al
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31]17; 3 Data are expressed as mean + SEM of 8 rats/group. Plasma cholesterol of the 4 groups
(C, control diet; HF, high fat diet; HFL, high fat diet + papaya juice 0.5ml/100¢ BW; HFH, high
fat diet + papaya juice 1ml/100g BW) were measured at the end of 12 weeks treatment.

“indicate the significant difference at P<0.001 when compare to the control group.

"indicate the significant difference at P<0.001 when compared to the high fat diet group.
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wavasnuzaznarasziulasndiwalsdluiden

Nnransmaassiieliemnslutugaduna 12 &Uavi nuinsmeassinsziulnsndioe
lsilyinamiloufunismaassinsziuasiaaineson fe nylunguitlduemslustiugs (HF,
124.36:+11.06) fssfuvaslasniiwelsigeiuegsdidoddymeaindlosoudoutunyildsuomns
Unfi (C, 66.06+2.00) i P<0.001

dnsunynauitléfuomslusiugasiuduiugazng 0.5 m/100g BW (HFL) nudissduves
lnsndwelsalunyngy HFL (74.64+1.40) anasegsiifivddyynaadmilowSouitoufunylungu HF
(124.36+11.06) #1 P<0.001

letnssuvadlasndwelsflumnauitlésuemmslasugeiuiuihugazne 1 ml/100g BW
(HFH) wudn Iekanmameaedilufiamadediu fie sedvvedlasnfwelsdlunssuaionvemylungy
HFH (68.56+1.89) avasoeeltiadAgynsaiml mUaaumaunwﬂuﬂau HF (124.36+11.06) 7
P<0.001

uennil eiFeuifisusziuvedlnandieelsflunynduilldsuszasnotisaoandy (HFL was
HFH) fenlsiunnsnsanseiulasndwelsdlunynguilésuemsund () faansvaaesiuanslugy
fla

fedu anaannaesainsnasUlid duzarneaninadensansesuvesinandiwelsdly

nyilasuomsludugs wasuzaznaaniuszaninmlunsansyiulnsndwelsauiiamliunndein

mlunguaiuny
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31]17; 4 Data are expressed as mean + SEM of 8 rats/group. Plasma triglyceride of the 4 groups
(C, control diet; HF, high fat diet; HFL, high fat diet + papaya juice 0.5ml/100¢ BW; HFH, high
fat diet + papaya juice 1ml/100g BW) were measured at the end of 12 weeks treatment.

“indicate the significant difference at P<0.001 when compare to the control group.

"indicate the significant difference at P<0.001 when compared to the high fat diet group.
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NAYDIUINZAZNDABIZAU high density lipoprotein (HDL) Tuidan
nuanmeaes nuindisliemslaiiugaduna 12 et wylungunlasvemsludug

(HF, 15.74+0.30) LLazmﬁlﬁ%’ummﬂmﬁuqa%mﬁuﬁwmsazﬂaﬁﬂamﬂ’gj'tu (HFL, 21.33+0.94 way

'
o w aa A

HFH, 17.51+1.06) dsgAuves HDL ammaﬂwﬁﬁ%mﬂ@mmmL:u’emﬁsmLﬁauﬁuwﬁlﬁ%’ummiﬂﬂa
(C, 31.60+0.49) 1 P<0.001 (U7 5)

Sensuiisuseaues HOL Tumynduitlédsuewnslesfugssufuthugagne 0.5 ml/100g
BW (HFL) nud1sesues HOL lumynasl HFL (21.33+0.94) fid1 HDL gendndleisSeuidiouiumylu
nas HF (15.74+0.30) 7 P<0.01

lefnseures HOL Tunynduitld¥uewnsludugedamiuiugazne 1 mU/100g BW (HFH)
wuin seduves HOL Tunszuadenvesvylungy HFH (17.51+1.06) fenlsiumnsadlowSoudiouiv
vulungu HF (15.74+0.30)

fedu MnwamanaaosansnazUliin ownslusugehliseduves HOL ludenanas &

WEP99INTEAUYDY HOL vasnyilasuamisludugeisanungy widlslihuzavnefusunu

0.5ml/100g BW nuintiuzaznevitliszsu HOL dsdule
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31]17; 5 Data are expressed as mean + SEM of 8 rats/group. Plasma HDL of the 4 groups (C,
control diet; HF, high fat diet; HFL, high fat diet + papaya juice 0.5m\/100g BW; HFH, high fat
diet + papaya juice 1ml/100g BW) were measured at the end of 12 weeks treatment.

“indicate the significant difference at P<0.001 when compare to the control group.

"indicate the significant difference at P<0.01 when compared to the high fat diet group.
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navasluzaznagnaanisasanvasluiuluduuasiiiawialusiu (Effects of papaya juice on

lipid accumulations in liver and adipose tissue)

Havasuzaznagnaanisasanvaslusiuludu
NFUN 6 wananm histology vassivlumyiilasuemisund (A1-A2) WewIsuiisuiusiu
Qi Yo U 1 U 1 dl Vo U a o LX)
vowyilasuamnsludugs (81-82) wuinduvewmunguitlasuemnsludugelinsasauvedluduludu
a d9{ 1 < P = Y Y [ Y a v @ Y ] 14
Wnduegaiulataiay dansazauvesladuludurinlininnneluduasazauluiu wazoradanali
Aansdniauresiuniua widleihugazneaniduian 4 a1y 91n3U histology wanINanIs
naaenla wudmylungu HFL (C1-C2) wag HFH (D1-D2) fsvduvetlvduiavauluduanadadig
Faau WeTeuiisuiuseauluiuasaulunungy HF (U 6)
Wi lUAmseiviU3ua lipid droplet Tuiiiaigadulagly Image) program wuatlungy C
lainu lipid droplet nelusadsiu Usuna lipid droplet Tuillewiadiungu HF HFL wag HFH 11nni

v o

nau C agalitedAgyn1eada (p<0.01) Ysunau lipid droplet lullawgasiungy HFH Weeninngu HF
98198 udAYNISEDAN p<0.01 AuanslunIen 5

At NHaNTNaaesENnTaazulad enmsluduasihiiianisavauvesluduludiu wazin

uraznegnanusnvlIsanseauvasluiunasauludule
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A C fangu HFL wagnmn D fiengu HFH (1; niasvens 10X wag 2; MuAndavey 20X)
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M13199 5 Uanman15InTeivuUTInn lipid droplet Tuillaiefuveaylungusing 9

Groups C HF HFL HFH

ot

Lipid droplet  0.00+0.00 545.45+87.06  429.06+153.74  287.54+55.16

Data are expressed as mean + SD of 5 livers/group. Hepatic lipid accumulation of the 4
groups (C, control diet; HF, high fat diet; HFL, high fat diet + papaya juice 0.5ml/100g BW,
HFH, high fat diet + papaya juice 1ml/100g¢ BW) were measured at the end of 12 weeks
treatment.

indicate the significant difference at P<0.01 and P<0.001, respectively when compare to

the control group.

“indicate the significant difference at P<0.01 when compared to the high fat diet group
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wavastuzaznagnaonisazavadluiuluiiobolusi

2307 7 uansnw histology vesilawdelusiutinasumslunynduaiuauildsuoims
Unf wagmynauitldiuemslusiugs mnamuandiiuindedelutulumyndy HF Souelngiile
Wisuifeutuiadeluifuresyngy C esniimsavauvedluiuluiodefiumnduanmslaty
pwnslusiugwiaiiondunan 12 ani uidlelionmslusiugeuduiuraznaanwut wylundu
HFL waw HFH Svwiaveailawdeluiuinasumsiianasdeiioudsuiumilundgy HF Sso1auin
Mnmsiiinagafuvedluiuanas vielutuludonanas vilinsvudseslatulyavauiidode
lufuanas

slolUAnszimauaves adipocyte luiloidelusuusnasaumelngld Image) program
wuin wylungu HF Sluiaves adipocyte 1Nnfian Ao 109696.47+2245 27 sesasnfonylunay
HFL lnevunnvad adipocyte Winfiu 107566.48+3721.86 waznylungy C uazngu HFH Juu1aves
adipocyte TniAeaiu fio 97822.96+2401.75 way 95441.69+2949.71 sua1su lewFeuifisums

o w

adm wud wulungu HE Jwuiaves adipocyte wansieannuylungy C egaiidudAgynisad

3)

o

o w

(p<0.05) uagmylungy HFH fvwiAves adipocyte uansieanyylungy HF sgsilduddgmnead

3)

o

(p<0.01) Fauanslunsnad 6
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U 7 wansdnuwairmeganiginaveaiisideluiuuinudunsvemunaaedesnin A Aenay

Control 7% B fangs HF 7w C Aanay HFL uagn1w D Aongu HFH (1; Mwdsvens 10X uag 2;

AMANAIVENE 20X)
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M13199 6 uansmansineimannvedluiuluileelufiuusnadunslunungueie 9

Groups C HF HFL HFH
Lipid 07822.96+2401.75 109696.47+2245.27 107566.48+3721.86 95441.69+2949.71"
size

Data are expressed as mean + SD of 5 epididymal fat/group. Lipid size in epididymal fat pad
of the 4 groups (C, control diet; HF, high fat diet; HFL, high fat diet + papaya juice 0.5m/100g
BW; HFH, high fat diet + papaya juice 1ml/100¢ BW) were measured at the end of 12 weeks
treatment.

“indicate the significant difference at P<0.05 when compare to the control group.

"indicate the significant difference at P<0.05 when compared to the high fat diet group
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donansfioangmdineItasiunszUIuNIISnEU tawn TNF-oL wag IL-6

INNANITNAARINUTY Mlungu HF dseauves TNF-a (46.91+1.29) luidenasndmylungy

v o

C (41.60+0.75) agailtydfgyneadan ,P<0.01 wazillaiUSeumeuiunylungy HF wudiseduves

TNF-oL vaenylungsl HFL (39.59+1.39, P<0.01) wag HFH (42.84+1.67, P<0.05) ffanadae1edl

v o

HedAyM19ana (113199 7)

[y

daUSeuWieuseauves 1L-6 wudlinaluieniafieddiu TNF-o fie wiylungu HF Hszdu

o w

99 IL-6 (31.91+2.03) luidenganimvylunga C (24.88+0.41) eesiltfodfynisadiad P<0.01 uaz

o

SowSeuifsudumylungu HF wuiiseduaes IL-6 vesmylungy HFL (25.30+0.41, P<0.01) uag

o w a

HFH (26.31+1.90, P<0.01) flANanasa8 9@ 1AunI9atn Nan1snnandkandbunisen 7

o

At "\]’mNﬁﬂ’]i%ﬂaaflLLﬂ@ﬂIﬁLﬁu’j’]’e)’]ﬁ’]ﬂ%ﬁuq\iﬁﬂﬁﬁﬂﬁﬁﬂLﬂ‘ULﬁﬂ%u AILEAIINNAITT
SYAUVDIENS cytokine MA8ITBIAUNTENIEU tALn TNF-0L wag IL-6 dailiudu Tugagiun

o % % Y & 1 1
M%ﬁ%ﬂ@?jﬂ‘ﬂﬂ‘ﬁi%ﬂ‘U%@\‘i TNF-0L e IL-6 anauandliiuinusasNoaIN1s098annIeuIunIg
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M13199 7 Uanan1sUSeuLiigusERuYeans TNF-oL uae IL-6 Tunungasng 9

Proinflammatory mediators
Treatment (pg/ml)
TNF-o. IL-6
C 41.60+0.75 24.88+0.41
HF 16.91+1.29" 31.91+2.03
HFL 39.59+1.39" 25.30+0.41"
HFH 42.80+1.66" 26.3141.90"

Data are expressed as mean + SD (n=3 with triplications). Serum levels of TNF-at and IL-6 of
the 4 groups (C, control diet; HF, high fat diet; HFL, high fat diet + papaya juice 0.5ml/100¢
BW; HFH, high fat diet + papaya juice 1ml/100¢ BW) were measured at the end of 12 weeks

treatment.

*

“indicate the significant difference at P<0.01 when compare to the control group.
" indicate the significant difference at P<0.05 and P<0.01, respectively when compared to

the high fat diet group.
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Naﬂlaﬂmzaznaqnﬁian’litﬁﬂ oxidative stress LLazﬂ'ﬁv’i’ma%aSaiz (Effects of papaya juice

on oxidative stress and antioxidant enzymes)

wamaamaznaqnﬁiamﬂﬁﬂ lipid peroxidation

Tneunfidlaiinnnie oxidation veslasfuainnszuiunis lipid peroxidation azl¢ secondary
product fid1day fie malondialdehyde (MDA) Fsananseldidu marker d1udunisiin oxidative
stress ¢ etfu mavaaosdl 3dl4n15Tn MDA Tunszuaiden ilefnyinavasomslusugedifinonis
\Am lipid peroxidation

PNWANITNAARI Wudmlungy HF dseauves MDA (2.82+0.36) asndmylungy C
(1.51+0.19) agnaflifdAamnaadiaf £<0.05 uaziilowTouidfiousziures MDA Tumynga HFL
(1.5140.21, P<0.05) waz HFH (1.40+0.26, P<0.01) WU3INSELAUVBY MDA Iuwﬁy’aaamfjuﬁﬁﬁmdw

'
o w a al

szau MDA vaaylungu HF aghaileddynsadia (U7 8)

AU ANNaN1IVAaesaunsaasula enmsludugewiliAnniae lipid peroxidation

LAZUNLEaYNOENANNTNYILANNITAINETI A
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31]17; 8 Data are expressed as mean + SEM (n=7). Serum MDA of the 4 groups (C, control diet;
HF, high fat diet; HFL, high fat diet + papaya juice 0.5ml/100g¢ BW; HFH, high fat diet + papaya
juice 1ml/100g BW) were measured at the end of 12 weeks treatment.

“indicate the significant difference at P<0.05 when compare to the control group.
“indicate the significant difference at P<0.05 and P<0.01, respectively when compared to

the high fat diet group.
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HavadUzanagnsaszauLaulYsl superoxide dismutase

[%
a a

mMannaesil Siilednweuluidueyyadass Inedasefuves superoxide dismutase
(soD) luiden 9nwanITAaes wuinmylungs HF szfues SOD mnd1sesu SOD vesvylungy
C agnafifadfynaadAf P<0.05 (17.02+1.82 uay 21.88+0.53 Aua1su)

SowSeuifisusuues SOD luvyngu HFL uaz HFH fusynas HFE udmudn szduees
serum SOD lumynduitlésuawnslasugssmfuthurasnevisaosnagulinalulufienafetu fo
szeu SOD lunungu HFL (27.88+2.35, P<0.01) Uag HFH (31.60+1.93, P<0.001) dA1geninseau

v o

¥99 SOD Tunungy HF egaiifudAgynieada dwanslugun 9

Y & ! % o 14 % LS =
PNNANTIINARDI WA AL mmﬂwquﬂmwwmLaulezm SOD anas Tuwazin

UragNaiNafeNIINILAUNITYINNILYRY SOD
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31]17; 9 Data are expressed as mean + SEM (n=6). Serum SOD of the 4 groups (C, control diet;
HF, high fat diet; HFL, high fat diet + papaya juice 0.5ml/100g¢ BW; HFH, high fat diet + papaya
juice 1ml/100g BW) were measured at the end of 12 weeks treatment.

“indicate the significant difference at P<0.05 when compare to the control group.

"lindicate the significant difference at P<0.01 and P<0.001, respectively when compared

to the high fat diet group.
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HavaduzaznagnsaszaulaulYy glutathione reductase

[%
a a

nneaedil divefnweulesindueyyadasedndamila Ae glutathione reductase (GR)

dewSeuiieuszauveteulesl GR vasmylungy HF (0.033+0.004) wudiseduves GR dalndifes

[y

UszAuYes GR Tunungy C (0.035+0.005)

uenanil Wensedu GR vesuylungu HFL (0.052+0.009) wae HFH (0.041+0.004) wuin

a1 1 [y

52U GR lunuvisaenquilAigandnseau GR vewmylungy HF usegnslsinn anlaliaany

Y

v o

wanasiveeiituddgyvneada Assdueuled GR WIsuWlsusenInaungusiing o wansiagua

10
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31]17; 10 Data are expressed as mean + SEM (n=6). Serum GR of the 4 groups (C, control diet;
HF, high fat diet; HFL, high fat diet + papaya juice 0.5ml/100g¢ BW; HFH, high fat diet + papaya

juice 1ml/100g BW) were measured at the end of 12 weeks treatment.
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v

louasSumedimiinfuinniu luwasfiuzasnoaniliiminveadadelusuuinadnani
hwiinasadndiAsstuimindodeluilumldsuomnsuni warainmsfne e dingves
dodeluifuinasumsiendonanssal dunglén swavoneadlufufiutulunyndy HE e
WisuWeuiunyngu C dauvylungy HFL way HFH wudl n1seengvwinvesead lusiuiuualiy
anas lasuidisuiunyngu HF wasidethidedelutuninnesivuaveasadluiudelusunsy
Image] WU GummsuaﬂL%aaﬂlﬁuﬂuﬁmmmiwcgﬂ’jﬂmuﬁﬂsuaqL%aaﬂlmﬁumawymjmﬁ'uashﬂﬁﬁfﬁﬁﬁ AEUNI4
adif (p<0.05) Tumyngu HF Tnsvuwiaveswadlasufiisdundu 12.14% WenSsuisutunyngu
C dnlumynau HFL Sunliuvuiaveslusuanas Aadu 1.94% Tuvazfividlungu HFH Suaves
\waalusiuanasedsivudAymeadia (p<0.01) Tnvanas Andu 12.99% Lﬁ'am%mﬁmﬁwgﬂfju
HF 91nNN5ANW¥IY84 Bonet LazARLE (2015) wuin malfinwuaveseadlusiuiiniaduiusiunis
wdansalusiy (fatty acid), pro-inflammatory cytokine, immune cell recruitment, A1¢PBNTLIU
UNWI9Y (Hypoxia), LAAWINR (fibrosis), 52AUY8Y adiponectin anaskazrn15MaUaUDIRs insulin 7
Anunily dety TunmyfildSuuzasnoanasyilvimuavessadlutuanas shlsiamufiaunfiiinain
msvensrueenTadluiuiiinanownsluiugeanas uenaini MnwamsAnwvesideluadsd
wuihmindusrruneeaiaibolutuuinusunsivnadnasduandiifuingasneausoan
thwiinuazanmafiusunaveslutiu suannisvnesvendodeluiilumildsuomsludugs
Tagorainanasandglunzazne loun B-carotene wazinniiud ludisannisazauvasluduly
$9me Ganalnlumsannsifivvwiauagnisazauvedlusiuerainainnsi B -carotene Aldan

uzaznagngnildeulvieglusy retinoic acid Faaunsoannisiiuvuiavedludiu menisduga PPAR

VY uwazannisvgnedivsailaigealutdu (Bonet et al, 2015) d@rdnniiuduudunumaiagylunisduds
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nszvIuMsaaedvesiutiu (Lipolysis) diwalinsalusiu (Fatty acid) anas (Garcia-Diaz et al,
2014) wenniiisenuin MsanamesminTaugnInNanaesTEdy Leptin luidon ud
agalsfinny nsiseluadeilildnnaousziuves leptin Tuidonveavyngusiig <
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i lipid droplet udnumn dewFeuiisuiungy C Lﬁaﬁﬂmmmzamaﬂmﬁﬂuéfmawyﬁlu
ng HFL uaz HFH wuindiwauves lipid droplet fiuwdlifuanas eiSsuiiisufunynay HF uas
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waz/vionnmavauasiuoygadaseiianas maiannuainsendindululsadruiuas oy
11310 msﬁéwmaﬁﬂ%mmﬁumlm'ﬁuazauagﬂum’fm?jdmﬁummﬁulﬂ (Cristancho and Lazar, 2011;

Fernandez-Sanchez et al, 2011) A1 overnutrition WY N15SUUTENIUMNSUSELAN bUITUT LU
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oxidation TuliinAewsseiiiuinniy wazesiinsifiusiuau NADH waz FADH2 iivhuiniidush
yudadtanaseulifiuinniu feu Seiusinaes superoxide 1nT4 (Brownlee, 2005) 97N
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Homsiteiaeduuds annsnazunanmsitenuaunfgiulunisidesiady Ae
1. wraznefinadudimsvnauveneulmigeslutu tdun pancreatic lipase ?
mazﬂaqﬂﬁmaé’us‘jy’qmiﬁﬁmwuml,aul%ﬁ pancreatic lipase Taunsaau
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ATaRUINUNG wazann1sialsAoule

3. UYALNOUNALUNISANUNITINLEU ?

ugaznogninasonisanmsdniay Taskunalnnisdudsnisvauves TNF-OL waw IL-6

4. ugaznadinalunisinueyladay ?
mazﬂaqﬂﬁmasiamia@mstﬁm lipid peroxidation Fadunnznilaves oxidative stress uaﬂmm‘f
uzaznegnnIzAuNsviuveteululiueuladasyulin superoxide dismutase 6

[ ) o

Parameter fanad136iu 10U component ddgydniulsadiu fatiu mnnanalaeagy 919
1 FY P A < vl a va . . . . . . .
nanladuzaznegnilnuantlunslunalindauaud® anti-obesity, anti-hyperlipidemia, anti-
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High fat diet

]] Fat accumulation ﬂ Oxidative stress
-decreased body weight and body -decreased lipid peroxidation
weight gain -increased antioxidant enzyme (SOD)
-decreased perirenal and epididymal fat V but not GR
weight
-decreased lipid accumulation in liver m OBESITY
and epididymal fat pad X
Papaya
Juice
[ Dyslipidemia 1] Inflammation
-decreased cholesterol and triglyceride -decreased IL-6, TNF-QL

-decreased HDL
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uzazneflulumy 0.5ml/100g BW
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2. UslnmAuzagnou1min 200-300 ¢ TuAuMIaNEarnaauInnans 2 dufeiu WguvinnuusuIaves
wzagnafliluvy 1ml/100g BW
Further study

1. Anwinalnuesuzavnasienisaiuay lipid regulatory pathway TunyuniSeuliiey
U d‘ 2 U
Aunyilasuemsludugs

2. AnwsvlevivesugavnelunyilansueimsludugenisenisiianenSanineng

Wy nzlviiunsazaulusu

Papaya and obesity/59



LNEI5D19D9
(REFERENCES)

Adan, RAH. 2013. Mechanisms underlying current and future anti-obesity drugs. Trends in
Neurosciences. 36(2):133-40

Bialecka-Florjanczyk E, Fabiszewska AU, Krzyczkowska J, Kurylowicz A. Synthetic and Natural
Lipase Inhibitors. Mini Rev Med Chem. 2016 Jun 30.

Bonet ML, Ribot J, Palou A: Lipid metabolism in mammalian tissues and its control by
retinoic acid. Biochim Biophys Acta, 2012; 182: 177-189

Brownlee, M. (2005). The pathobiology of diabetic complications: a unifying mechanism.
Diabetes, 54: 1615-25.

Chaves GV, et al. Serum retinol and b-carotene levels and risk factors for cardiovascular
disease in morbid obesity. Int J Vitamin Res 2010;80(3):159-167.

Cristancho, A.G. & Lazar, M.A. (2011). Forming functional fat: A growing understanding of
adipocyte differentiation. Nat. Rev. Mol. Cell Biol, 12:722-734.

Dietrich, M.O. and Horvath, T.L. 2012. Limitations in anti-obesity drug development: The
critical role of hunger promoting neurons. Nat Rev Drug Discov, 11: 675-691.

Fernandez-Sanchez, A., Madrigal-Santillan, E., Bautista, M., Esquivel-Soto, J., Morales-
Gonzalez, A., Esquivel-Chirino, C., Durante-Montiel, I., Sdnchez-Rivera, G., Valadez-
Vega, C. & Morales-Gonzalez, J.A. (2011). Inflammation, Oxidative Stress, and Obesity.
Int. J. Mol. Sci, 12: 3117-3132.

Fonseca-Alaniz, M.H., Takada, J., Alonso-Vale, M.l. & Lima, F.B. (2007). Adipose tissue as an
endocrine organ: From theory to practice. J. Pediatr, 83: S192-5203.

Garcia-Diaz, D. F., Lopez-Legarrea, P., Quintero, P., & Martinez, J. A. (2014). Vitamin C in the
Treatment and/or Prevention of Obesity. Journal of Nutritional Science and
Vitaminology, 60(6), 367-379. doi:10.3177/jnsv.60.367

Gonzalez-Castejon, M. and Rodriguez-Casado, A. 2011. Dietary phytochemicals and their
potential effects on obesity: A review. Pharm. Res, 64: 438- 455.

Papaya and obesity/60


https://www.ncbi.nlm.nih.gov/pubmed/27484624
https://www.ncbi.nlm.nih.gov/pubmed/27484624

Gu X, Zhao HL, Sui Y, Guan J, Chan JCN, Tog PCY. White rice vinegar improves pancreatic
beta- cell function and fatty liver in streptozotocin-induced diabetic rat. Acta
Diabetol, 2012;49:185-91.

Grundy, S.M., Brewer, H.B., Jr., Cleeman, J.I., Smith, S.C. and Lenfant, C. 2004.Definition of
metabolic syndrome: report of the National Heart, Lung, and BloodInstitute/American
Heart Association conference on scientific issues related to definition. Circulation, 109:
433-438.

Luisa Bonet, M., Canas, J. A., Ribot, J., & Palou, A. (2015). Carotenoids and their conversion
products in the control of adipocyte function, adiposity and obesity. Archives of
Biochemistry and Biophysics, 572, 112-125.
doi:http://dx.doi.org/10.1016/j.abb.2015.02.022

Mahattanatawee K, Manthey JA, Luzio G, Talcott ST, Goodner K, Baldwin EA. Total antioxidant
activity and fiber content of select Florida-grown tropical fruits. J Agric Food Chem.
2006 Sep 20; 54(19): 7355-7363. doi: 10.1021/jf0605665

Mark, A.L. 2009. Cardiovascular side effects of anti-obesity drugs: A yellow flag in the race to
effective, safe pharmacotherapy for obesity. Circ, 120: 719-721.

Marti, A., Martinez-Gonzalez, M.A. and Martinez, J.A. 2008. Interaction between genes and
lifestyle factors on obesity. Proc Nutr Soc, 67(1): 1-8.

McDougall, G.J., Kulkarni, N.N. and Stewart, D. 2009. Berry polyphenols inhibit pancreatic
lipase activity in vitro. Food Chem, 115: 193-199.

Mehdipour S, et al. Antioxidant potentials of Iranian Carica Papaya juice in vitro and in vivo
are comparable to a-tocopherol. Phytother Res 2006; 20:591-594.

Mutiso SK, Rono DK, Bukachi F. 2014. Relationship between anthropometric measures and
early electrocardiographic changes in obese rats. BMC research notes, 7:931.

Osth M, Ost A, Kjolhede P, Stralfor P. The concentration of b-carotene in human adipocytes,
but not the whole body adipocyte stores, is reduced in obesity. PLOS one 2014;
9(1):1-5.

Popkin, B.M., Kim, S., Rusev, E.R,, Du, S. and Zizza, C. 2006. Measuring the full economic costs
of diet, physical activity and obesity — Related chronic diseases. Obes Rev, 7: 271-
293.

Papaya and obesity/61


http://dx.doi.org/10.1016/j.abb.2015.02.022

Prashanth A, Jeyakumar SM, Giridharan NV, Vajreswari A. Vitamin A-enriched diet modulates
reverse cholesterol transport in hypercholesterolemic obese rats of the WNIN/Ob
strain. J Atheroscler Thromb. 2014;21(11):1197-207.

Prashanth A, Jeyakumar SM, Singotamu L, Harishankar N, Giridharan NV, Vajreswari A.
Mitochondriogenesis and apoptosis: possible cause of vitamin A-mediated adipose
loss in WNIN/Ob-obese rats. Nutr Metab (Lond). 2014 Sep 25;11(1):45

Santos MS, Gaziano JM, Leka LS, Beharka AA, Hennekens CH, Meydani SN. Beta-carotene-
induced enhancement of natural killer cell activity in elderly men: an investigation of
the role of cytokines. Am J Clin Nutr. 1998;68(1):164-170.

Schweiggert RM, et al. Carotenoids are more available from papaya than from tomato and
carrot in humans: a randomised cross-over study. Br J Nutr, 2014; 113(4): 490-498.

Silva, L. e. S., de Miranda, A. M., de Brito Magalhdes, C. L., dos Santos, R. C., Pedrosa, M. L., &
Silva, M. E. (2013). Diet supplementation with beta-carotene improves the serum lipid
profile in rats fed a cholesterol-enriched diet. Journal of Physiology and Biochemistry,
69(4), 811-820. doi:10.1007/513105-013-0257-4

Souza e Silva et al, Diet supplementation with b-carotene improves the serum lipid profile in
rats fed a cholesterol-enriched diet. J Physiol Biochem 2013; 69:811-820.

Wang L, Gaziano JM, Norkus EP, Buring JE, Sesso HD. Association of plasma carotenoids with
risk factors and biomarkers related to cardiovascular disease in middle-aged and older
women. Am J Clin Nutr 2008;88(3):747-753.

World Health Organization. 1998. Obesity: Preventing and managing the global epidemic —
Report of a WHO consultation on obesity. Geneva: Switzerland.

World Health Statistics. 2012. Availablefrom : <http://www.who.int/sho/publications/world
health _ statistics/WHS2012_IndicatorCompendium.pdf>.

Yeh, S.L., Wang, W.Y., Huang, C.H. and Hu, M.L. 2005. Pro-oxidative effect of beta-carotene
and the interaction with flavonoids on UVA-induced DNA strand breaks in mouse
fibroblast C3H10 T1/2 cells. J Nutr Biochem, 16: 729-735.

Young AJ, Lowe GM. Antioxidant and prooxidant properties of carotenoids. Arch Biochem

Biophys. 2001;385(1):20-27.

Papaya and obesity/62


http://www.ncbi.nlm.nih.gov/pubmed/25100235
http://www.ncbi.nlm.nih.gov/pubmed/25100235
http://www.ncbi.nlm.nih.gov/pubmed/25100235
http://www.ncbi.nlm.nih.gov/pubmed/25302071
http://www.ncbi.nlm.nih.gov/pubmed/25302071

OUTPUT

14 =

1. #1579 output Uszlevivasuzaznagnlunydiungniniisltidigansludug

Y Y

Output
AN8LNR

AaNI5Y

1ileAN¥INATDINTaZNADNITYINUTBY pancreatic lipase

1.1 navenuravnognAons 100% Teazdeanin 22
JUaN15919IUYBY pancreatic AT 1, 2
lipase

v v

2. Anwmavesuzaznanissivtnm seaulviuuasluiuaranluiuuasiosludulunyn

losuamsuniuaznyilasuemsludugs

2.1 Nasuaqﬁmsazﬂaqﬂsia 100% 88z 26
dudnsnlunsazduani g‘dﬁ' 2

2.2 wavastwraneanse 100% ealduanii 28
USinaeinsilasunasiimii A51971 3

ATy

2.3 wavasthuraneanse 100% eazduamti 31
Tysfuazasludunesidode 51971 4

Papaya and obesity/63



Tugfu

2.4 wamaqfwuzasﬂaqﬂda 100% NYaTRYANLN 32, 34,
seauladuluidon 36

gﬂ‘ﬁ 3,418y 5
2.5 navesMEaENadNee 100% Teazdeanin 38, 41

histopathology vasfiukas

d’l d‘ U a U
Welelutiuusnaduny

Ul 6, 7

A15199 5, 6

3. ANYINAVDINLALNDADNITAIY

nssnaulunyinlasuemsuniuasnyilas:

vensluiuge

3.1 NaBINNEANENAD
32U proinflammatory

cytokine laun 1L-6 LagTNF-

o

100%

SUaLLRYANLN 44

ANS9N 7

4. Ainwinavrelraznaran1sas e adaTTLaY N SANUALADATY

4.1 navouNEaLnagnHoNTs 100% wazdeant 46

\im lipid peroxidation gil‘ﬁ 8

4.2 NAONLEALNOGNHE 100% gazideant 48, 50
wulziiueuyadase lawn 5U#1 9, 10

SOD gy GR

a3Unan1939e 100% uazdeant 57 VI TLULLIR

Papaya and obesity/64



U7 11 IAsan ey
a1 3 Loy
ilesanraeide
anponlagliindg
ey
La1luNIg train

1 a o

Y Ideaulny

2. WHUNULSDY “Uzaznanulsnalu” dnsumewnsuserdunustalssleosdvailzazne tag
Az U UBInUsEavUlUNNSe8N MUNEUS NNSARA D UNUBIANE INAIEATNNSWINNE (MedSci

mobile unit) (A1AKNUIN V)
3. UNAMLIVINSARUNTUINTANTITAULINIYR 1504 “Antiobesity, anti-infammation and
antioxidant properties of papaya juice in obese rats fed with high fat diet ” (manuscript in

preparation) d@usuANuly Journal of Nutrition #39215815M193910159U ¢ Ndl impact factor

(P5.82N52 FUlAN)

AUYI8U 2559

Papaya and obesity/65



AMANUIN N
(APPENDIX)

AT UEAIUTUI B-carotene waginnfiudlunzaznaan

walel UTunaans (ug/g Nzazno)
B-carotene NN
ULayND 67.60+9.93 304.96+24.81

HANTTIATIENAN B-carotene Tutvaznagneies HPLC

Standard B-carotene 1 pg/ml

DAD1 A, Sig—450,16 Ref=360,100 (BOM\STD 2 4 6 8 2015-11-05 15-41-51\TESTO000003.D)
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DADL A, Sig=450,16 Ref=360,100 (BOMSAMPLE 3(2) 3(3) 2015-11-04 12-18-36\TESTO000001.D)
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HANTIATIENATIAN LT LU naanae35 HPLC

Sample Vitamin C 6 ug/ml

DADLA Sg54,16RE=330) 100 (BOMMTC STD3 2015 11-22 (B 195ATESTO000004D)

8
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0 1 2 3
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Sample Vitamin C
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3
58
%%3’
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