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1.1 WURINT

1. ndnelal (Musa surier, Musa AA group) 4andafiznylan

2. ndaeningn (Musa sapientum, Musa ABB group) Aandaenlan
1.2 15LAN
Acetone (AR. grade, Batch No. 13030020, LabScan Asia Co. LTD., Bangkok, Thailand)
Beta-Carotene (HPLC grade, Lot. SLBG6787V, Sigma-Aldich, Co., St. Louis, USA)
Rabbit Polyclonal Antibody to MMP-1 Antibody (Lot. GR121039-30, Abcam plc.,
Cambridge UK)
Rabbit Polyclonal Antibody to Malondialdehyde Antibody (Lot. GR256851-1, Abcam,
plc., Cambridge UK)
Rabbit Polyclonal Antibody to 4-Hydroxynonenal (Lot. GR217413-2 Abcam, plc.,
Cambridge UK)
Rabbit Polyclonal Antibody to GCLC (Y-GCS) (Lot. GR120972-1 Abcam, plc.,
Cambridge UK)
GSH/GSSG Ratio Detection Assay Kit (Fluorometric-Green) (Lot. GR214078-1 Abcam,
plc., Cambridge UK)
Goat anti-rabbit IgG-HRP (Millipore, Massachusetts, USA)
Goat anti-mouse IgG, HRP conjugate, Lot. NG1850774, Merck Millipore, California, USA)
Acrylamide (BIO-RAD laboratories, Philadelphia, USA)
Ammonium persulfate (Cat. 161-0700, BIO-RAD Laboratories, California, USA)
Bovine serum albumin (Lot. 051M1845V Sigma-Aldrich, Co., St. Louis, USA)
Bromophenol blue (Cat. 161-0404, BIO-RAD Laboratories, California, USA)
DC™ Protein assay Reagent A (Cat. 500-0113, BIO-RAD Laboratories, California, USA)
DC™ Protein assay Reagent B (Cat. 500-0114, BIO-RAD Laboratories, California, USA)
Deionized water (Batch No. 151280066, LabScan Asia Co. LTD., Bangkok, Thailand)
Ethanol (AR. grade, Batch No. 14080302, LabScan Asia Co. LTD., Bangkok, Thailand)
Goat polyclonalAb to Rb IgG Cy5 conjugated (Lot. GR93882-13 Abcam, canbridge, UK)



19.
20.
21.

22.

23.

24,
25.
26.
27.

28.

29.

30.
31.

32.

33.
34.
35.
36.

37.
38.
39.

Goat polyclonalAb to Rb IgG FITC conjugated (Lot. 887327 Abcam, canbridge, UK)
Glycerol (Lot. SHBC7796V, Sigma-Aldrich, Co., St. Louis, Missouri, USA)
Glycine (Cat. 161-0718, BIO-RAD Laboratories, California, USA)

Histological staining for nuclear staining Haematoxylin and Eosin staining (Lot. SEP.
2015, C.V. Laboratories CO., LTD. Bangkok, Thailand)

Histological staining for PATH.1 Counter staining Haematoxylin and Eosin staining (Lot.
SEP. 2015, C.V. Laboratories CO., LTD. Bangkok, Thailand)

2-mercaptoethhanol (BIO-RAD Laboratories, California, USA)

Methanol (AR. grade, Batch No. 14040243, LabScan Asia Co. LTD., Bangkok, Thailand)
N,N’ methylene-bis-acrylamide (Bis) (BIO-RAD Laboratories, California, USA)
Histological Mounting Medium (Permount) (Lot. 1813446, Fisher
Scientific, Massachusetts, USA)

Potassium dihydrogen orthophosphate (Batch No. AF501339, Ajex Finechem Pty., LTD,
Auckland, New Zealand)

Sodium chloride (Batch No. 1306251725, Ajex Finechem Pty., LTD, Auckland, New
Zealand)

Sodium dodecyl sulfate (SDS) (Cat. 161-0301, BIO-RAD Laboratories, California, USA)
N,N,N’,N’,-tetramethylethylenediamine (TEMED) (Lot No. 210001692, BIO-RAD
Laboratories, California, USA)

Tris (Hydroxymethyl) amonomethane (Cas-No. 77-86-1, Merck KGaA, Darmstadt,
Germany)

Triton-X (analytical grade, Sigma-Aldrich Co., St.Loius, Missouri, U.S.A.)

Transfer buffer (Lot. PF199282, Thermo Scientific, lllinois, USA)

Frozen section compound (Lot. 091012, Leica Microsystems, lllinois, USA)

Tissue Protein Extraction reagent (T—per®) (Lot. QC214313, Thermo Scientific, lllinais,
USA)

Tween 20 ( Srichand United Dispensary CO., LTD., Bangkok Thailand)

Skim milk powder (Lot. VL321563 126, Merck KGaA, Darmstadt, Germany)

Hydrogen peroxide 30% (Cas. No. 1336-21-6, Lot. K45343387-415 Merck KGaA,

Darmstadt, Germany)



40.
41.
42,
43.
44,

Anti—B—actin monoclonal antibody (A5441, Sigma-Aldrich, St. Louis, Missouri, USA)
PVDF membrane (Pall Corporation, Florida, USA)

Poly-L-Lysine solution (Lot. SLBN6266V, Sigma-Aldich, Co., St. Louis, Missouri , USA)

L (+) Ascorbic acid (POCH, Sowinskiego, Poland)

OxyIHCTM Oxidative stress Detection Kit, S7450 (Lot. 2639344, Merck KGaA, Darmstadt,

Germany)

1.3 ARINARDY

1. vgnaasanag (yhdanaiug ICR, 818 5 Aai, a1TiNNAaeeuNgIR Inndnduniing,

ninuAsLga)

4 a A a '3
1.4 qﬂnsm LASLATAINRINANANRAT

1.

© N o o

pH meter (METTLER TOLEDO, S20-k, Mettler-Toledo International inc, Ohio,
USA)Ultracentrifuge (HETTICH, MIKRO 120, Massachusetts, USA)

Freeze drying apparatus (FTS system Dura dry type FD 95C12, FTS Systems Inc., New
York, U.S.A.)

Magnetic stirrer (HL instrument, MS 115, Harikul Science, Tokyo, Japan)

Carl zeiss-axio observer z1 fluorescent microscope (Carl Zeiss Microscopy Ltd,
Cambridge, England) Microplate reader (model CeresUV900C, Bio-Tex Instrument,
USA)

Cryostat (Leica Microsystem Nussloch GmbH, Nussloch, Germany)
Vertical gel electrophoresis
Water bath (model LWB-211A, Daihom Lab Tech Co. TLD., Korea)

ChemiDoc'" XRS+ with Image Lab™ Software (BIO-RAD Laboratories, California, USA)
Carl zeiss-axio observer z1 fluorescent microscope (Carl Zeiss Microscopy Ltd,

Cambridge, England)
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2.1 SIUALLDUAUDINTN LT LUNITNARDY

ndaelauazndaanindn dunadngnTeinemans Musa surier uaz Musa sapientum L. AMNAIAL
\ualunsd Musaceae wananiindaeligndneslungu AA wazndaeiindigndneslungy ABB

¥

1 v £3
pxawulpsTulan[15] Anwuelnevinllvesndavivaesmtiatidunadugn dasulsinu dengls

Y Y o

wanell AfuLuAugINsaNszLen g9 2-9 wes Wuaduilaey Heanniulusedudeuiu luaen
= a o o 4 & = o 14 il/ v o
FeanRsuaduiuglrauauuiedly @uluianuunin weneanaindunansluriaesdng auiuii
Tuapravly Aulu 819 1-2 W Aunatenan Anuuudused daulauksdeandluniy (sheath)
1 v 4 = o al ¥ 1 < 1 | v
pon eandutdediesss Gunvinld  fusende  (peduncle) wiv  mantesuanilunanwe
. = L. ] ANal ~ = oA X =
(staminate flower) WazlwALNE (pistillate flower) HARBUNALULD LHAGNNIAVNIU HALUADY W lua
= A Ry o Yy N A A ] o > A a
P719TaTNeNARIINAN Sudsenuld wie Tl vive Jusides Aewdranan Netesanfimanyile
HABENLATE AnEueNaasndlaindtlaunavnndindagld nandaailvaauiantias daunandog
14l Wegnuaazlaifivasy darananauuy Jauiaanndindasindn nsdnieanasinlaiiuseiden

nanelulsvmalnaiadmunnisunannnaneiln Aeulnefanidinaldun ndqavan naneld way

N&2811131[16]

htto://www.bansuanooroeana.com/node/63

519 1 ndaela (Musa surier)

http://www.fankaset.com/product/14/

51U 2 ndaenindn (Musa sapientum)



2.2 M3&fA Polyphenols anaaenind waznasella

ndnerinduazndagldfimauansziy 67 Gedanaldandnnrsesdiden Sl
wisaTRegnuasiandinmalszse dairazens Uenildenenanzileiiliazdandeg
witeailu vndeefiuasiBen 30 niu aflusinazans 50% Ethanol 1ne'd33 Maceration 7

a v

a o A4 o o 4 g y Sy . @
FIUNYNNBT WU 10 W uﬂﬂmmLW@m@mmuwLﬂummm:ﬁumqmmﬂ Centrifuge ANLTY

a

991 15000 rpm W11 10 W1 dqula Supernatant azgniinlifmsziisialil7]

2.3 madaanuaansalumsifluaisaiuayyadass (Antioxidant Activity) 2838ns
anmannnaneindwaznaaela [17]

mmﬁmﬁié’mmé’qmﬁﬁﬂmeﬂa”qa’lﬂj%gﬂwmmuﬂixaw%m‘w Tunisduansiuasa
8@3% (Free radical scavenging) lag/ldans 2,2-diphenyl-1-picrylnydrazyl (DPPH) lunnsmagey %\1
azifrauinauilsrdninnlunisiluanssitueyyagassifsauinauiusaetneaiuan  (L-Ascorbic
acid) Tt AL RN E N NUB9N INARELANIATANFIDENABN12A1909T99E DPPH an@and
udwaes

Tunmmeaauazld Supernatant Faatnsfiaialy 50% Ethanol LAZAZANEIANs DPPH T

Nazane 50% Ethanol uAeai mnﬁuﬁqmmmmﬁﬁiummL%’m%’uﬁmj (0.0002 HaANFN
AONARART D9 33.33 NAAnSuANaAART) ARefanazane 50% Ethanol Meanad 96-well plate
suns 75 lulashns e lsiindfiseniuaisazans DPPH muidiudu 0.2 mM Usunms 150
ulpsans iwaan 30 Wit luaauiln figouvnives

lun1sdpansazanennggu (Blank Solution) azld 50% Ethanol unuanssinednglu
BuRITisindu Lﬁ@mumﬁw"qmﬁmﬁ@mﬂ?ﬁml,m (Absorbance) APANNENIAAY 515 Wiy
s ennsldiATes Microplate Reader (BioTek Instruments, BioStack Ready) lagiaz#iinng
NARDIEN 3 AXY ’ﬁqﬁﬁﬁﬁﬁiﬁmmﬂizﬁw%mwlumafm'@m”m@%@%muﬂwﬁmqu?@mmmm@mq

An9199 DPPH Tasiaunissialiil

Fariazaevllsr@nsninlunissiesueyadasy = [1 - (AS / AB)] x 100

Tnel A, Ae AganauLaaas DPPH Tnaiansazanasinating uas

a ANANALLAITEY DPPH taeliilansazanesinating

po))s

A

B

dl 1 ¥ % 1 a a ] 1% a 1
AINNIINAAAINNANINITNEU wudndse@nininlunissia muﬂ%mmummﬂum EC,,

(ArpNdnduanyanin liifinlsc@nsnndeaar 50) aavasannanndsela ndaetind uay L-



Ascorbic acid Auuansluased 12,3 uazgdil 1,2,3 AMAIAL an1smaaasuandlmisiugn

AHANNID N ailuansfnuayyadaszaandna

Y v

1 (EC50 391.8 + 0.13 pg/ml) AANANNID

UINNIINA81NS1 (EC50 1368 + 0.13 pg/ml) wsinatansanmnlundneiageasia A Ng1Nisn

£ia8iNq1 L-Ascorbic acid

A9199 1 FasazaaspnuaNnnlunailuansfiuayyadassaasansannndon

ANudnduesansanandosld (mg/ml) % Free radical scavenging EC50 (ug/ml)
0.0002 7.29+£1.28 391.8 £0.13
0.0025 8.89 + 1.33
0.0027 12.38 + 1.81
0.2000 40.56 £ 1.93
1.0666 79.23 £4.49
3.9996 75.13 +£3.92
10.6656 82.31 £ 2.00
19.9980 83.89 + 0.59
26.6640 83.27 £ 0.40
33.3300 82.71£0.18

Musa AA Group (Kluai Khai)
100-
8 o 751
35
0 T T T T 1

-1 0 1 2

Log Concentration (mg/ml)

1% 3 Aruanwnsnuniaduansdinuenyadaszaesansaiangaeld

10



A19199 2 Forazaa3ANaINNIn unsuanssiueyyadasraadansaiandaneingn

m’mLﬁu%’uﬂjmmmﬁmﬂé’wﬁﬁ’] (mg/ml) % Free radical scavenging EC50 (ug/ml)
0.0002 6.15 £ 2.48 1368 +0.13
0.0025 7.09 £ 1.56
0.0027 13.42 £ 2.52
0.2000 23.32 £ 0.32
1.0666 37.82 +£2.29
3.9996 74.72 £ 0.53
10.6656 84.05 £ 1.39
19.9980 84.73 £0.92
26.6640 83.98 £ 1.43
33.3300 83.12 £ 1.86
Musa ABB Group (Kluai Namwa)
100+
g g) 75+
%EJ 50
> 25+
0 . . . . .

-1 0 1 2

Log Concentration (mg/ml)

1 v
519 4 puanunsaluniailuansiueyadassresansaniandnsindn
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A15199 3 FerazaasnNaINngn lunsuanssiuielyadastan L-Ascorbic acid

ANITNDULeY L-ascorbic acid (ug/ml) | % Free radical scavenging EC50 (ug/ml)
0.25 5.07 + 3.81 13.02 + 3.43
0.5 5.09+4.83

1 7.98 + 7.49
5 19.33 £ 5.97
10 3740 +7.44
50 84.18 + 8.31
100 87.87 +2.00
200 87.87 +2.24
400 87.88 £ 2.35
500 87.64 +2.76
800 88.47 +1.42
1000 89.14 £ 0.93

100+

\,
T

Scarvenging
u
o
1

% Free Radical

N
T

L-Ascorbic acid

0 1 2 3 4

Log Concentration (pg/mi)

51U 5 Arnannsnlunaiuanssiuelyadaszaes L-Ascorbic acid
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2.4 meYaiSaunauadngan (Total phenolic content) lusnsaianasauingn uas
naaela(2)

mmﬁmﬁiﬁmﬂﬂé’wﬁﬁﬁLLmﬂ5@ﬂ1°ﬂ%gﬂf?mﬂ?‘mm’17\|u@§mw (Total phenolic content)
Imeldans Folin-Ciocalteu’s reagent "Lumiwmzmu%w:ﬁnmLﬂ?ﬂuﬁuﬁumimm;w;m Gallic acid
5414 5 Anaidiades 0.015, 0.03, 0.075, 0.150 WA 0.300 ATUANAL Lﬁ@m%uﬂum‘mmmgm

TunsnagaUFunaiiueanmy arsataanndastngn, ndaele uay ansazansidaansans
NmsgIugnueenadli 96-well plate U3nms 20 lulnsans anthunnduLsAanidetiinns
130 lulm3@dms uaz Folin-Ciocalteu's reagent 1311613 10 Tulasdns udsagitlannaans 1
Yy 5 W Tiluitln A1 sodium bicarbonate (7%Na,CO,) gnueianadlungunaaadLzunms 100
lulpsdng fugonegiifiuamassd Uuu 30 willufifln Satsunns Total phenolic Tae Folin-
Ciocalteu's reagent Az W1Ufnsaiuans Phenolic luansainainnaas Aofudainaindu
\WrauWeLiLasNImIgIu Gallic acid

Tunsdnansaraanngg Iy (Blank Solution) avld 50% Ethanol wnuanssinesely
BRI LﬁfamuLf;@ﬁaﬁ’wmﬁmm@mﬂaw,l,m (Absorbance) finnugnaaan 750 w1y
LNRT Imﬂﬂ’]ﬂ‘ﬁmﬁl’a\i Microplate Reader (BioTek Instruments, BioStack Ready) PRz iINIg
NAREIEN 3 AR AniARlEIN A MBI AT AN T e aANFUARANITIELYIN 100 N3
A lsan (mg gallic acid equivalents/100 g fresh fruit)

A y v P A a o | ~ ' I
ANNNITNANDINNANINITNAY - WL V\Iu@@ﬂ?qmluﬂ@')ﬂimﬂﬂ?ﬂqMV]@Qﬂqqsluﬂ@rJﬂqu’]

1 1
° o a o A

adelidadnAyRszauanudatu 95% Inalundqelilfiuednsn 38.40 + 1.39 mg gallic acid

equivalents/100 g fresh fruit. wazlundqesind 8Wuednsn 30.05 + 0.50 mg gallic acid

equivalents/100 g fresh fruit.

A15199 4 AINNIYANAURAITBNANTNIRTFIU Gallic acid NANdnd s

Concentration of Gallic acid (mg/ml) Absorbance (750 nm)
0.015 0.13 £ 0.01
0.030 0.27 £ 0.01
0.075 0.49 + 0.01
0.150 0.96 + 0.02
0.300 1.85+0.02
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Calibration curve of gallic acid

y = 5.9927x + 0.0609
1.00 - Rz = 0.9993

OOO T T T T T T 1
0.0000  0.0500 0.1000  0.1500 0.2000  0.2500  0.3000  0.3500

gﬂﬁ 6 ﬂ?’W\lN’W]?j’]M‘II@\M’]?N’W]?g’]u Gallic acid R = 0.9993

A15199 5 Usnnnuiuaanganlunanslauaznanetindn

Extracts mg/g GAE
Musa suerier (Kluai Kai) 38.39 + 1.394
Musa sapientum (Kluai Namwa) 30.05 + 0.500

2.5 Maann wazdnisuin B-carotene Nanualupagnuasnadzlinaznaaung

1 ¥

lunsaria B-carotene tierinanAiasziiiu ndaglauazndaarindiian gninsnyenuden
suduBudng uasinlsuielanldisies Freeze dry ndaefiinuniavinukoudatfunn 5 fadniu
ALY uazaiplneldiaios Soxhlet 1wsuanlsinms 50 Sadanand 2 Tuand Potassium
hydroxide Wwaz 10% L-ascorbic acid gnlfiflusnazanalunszuaunisann %ﬂqmmﬁﬁum water
bath szwinamsaria 70-80 asAnaidiza natlunsaia 1 92l wAwNTUseAUANIATAWNTL

v
o o o

uUNRYied thansainieunnadly separating funnel uazinnisanasiasaeianimulsamg 70 &

ol

v
o

AaRT  Wasniazatsuanilugesde vmanuduue dadudureaaney wnanesali

separating funnel 911 5% w/v 184 Potassium hydroxide ag 50 daaans laaldianmuannse 2 AT
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v
%

ARAY 35 NAAaRT 1NANIANATIENIIUANNATIT 1 LAY 2 NNPINAULAINANAL 10% wiv 284
Sodium chloride 1311m3 100 Aaaans i separating funnel AMNTURNNNTIALANTATATULEN T ULNS

nanfnnaraelneid  Evaporation 11g13ana ki ldiuieanseausaanisilisreuialuingan

a

AU l3ngungil 20 saAEalEsAsUNI1AzINNN AT

u

Tunsdntnnne Bcarotene 413 P-carotene NmsgaugnimiazaelusiafinazateimEn

'
a A o

waa Nn1siaeansiandindusine e 100, 125, 250, 500 waz 700 Tulnsniusielaaans 1ves
funsmlunmsgu arsainainndaeliuazndasiindrgnissasiaanudndu 10 fadninsediadans
o 1 :// A %’/ o o 1 A A p
sinatriannagnsizenll 96 well plate antiutinlildnAnisganauuaIAINEIARY 450 1N Tl
-zill . o 1 Q; ¥ a [y A o
wmslaenAsed  Microplate reader ANlAudATsinlEunns  P-carotene  Weuiungw

HIRATFIU
a9

1
a

dl 1 ¥ % 1 % 1l 1 % 90/ 1%
AnuanIInAaasinanaxdnesiunudn lundoagldilEiunm P-carotene igandindaetingn
Tnelundogladfiisunn P-carotene 56.57 Tulasniusiedaniuaesansain  doulundaamndni

5unnu B-carotene ANdIANANNINTIBILATASNAZ TR LA

Namwa Khai

] 4
51U 7 ansanin P-carotene anndaelauazndasiirdnlusainazanaiuaues
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1.7 -
15 -

y =0.0021x + 0.3116
R2=10.998

0.9 -
0.7 -
0.5

Absorbance at 450 nm.
|_\
|_\

T T T T T T 1

0 100 200 300 400 500 600 700 800
Concentration of g-carotene (ug/ml)

519 8 nemlumsgIuesatsuIneg U B-carotene R = 0.998

'
P

2.6 NSNARALU /n vivo IAAIMNUUI LAZANEINITAALTLIAIUDILUDLED bUNUINY

u

Tauuaaenil
2.6.1 Anineaasnld

vndaneiug ICR wag a1y 5 dilandl gniassnan udninaseaiesuiddy alasy

1
NIRIFIU AAALAC international vgindgniaasluaninzaiuanguu)if 2241 evAnua g
pNTUANTNSSeEas 55 £ 10% rneulaziinisinmn  Inewyuylduenmsiiugiuildly

o = Y ve o , P ' o ) = a Y A e
VNAINANA ﬁ“'Jllﬂ\‘IbLmﬁ‘ﬁ_luq@ﬂq\TWﬂLWﬂQﬂﬂuquqWﬂ@@\? Im\‘l?’]\m’]?ﬁﬂ‘]:r’]wlﬂuiﬂ?\iﬂ”}iﬂ?qu 1@?U

&

N135UTANRANNALZNNTNNNTAIIUNLITUNT LEERT  NUNINeaeULsAag l?]’]SJLZ\]‘IJ‘?IIﬂNﬂ’]? NU-

AE570513

1%

Tnglunnsdneafeiinygnuiiseanidu 5 ngu ngnas 5 6v Al

: a 2 oAy =
- nguunB (normal group) Aa NguT lianayAil

'
oA

1 A Yo N a Yar %’/ 1
- NQuAILAN (control group) Aa ngui tiFLLaRTuazAFunan

q

' a " p | Ay ve P Yo a  a o v o
- ﬂQNLLﬁEULWﬂU (pOSItIVG group) AR ﬂ@]NVleﬁﬁ\llLL@\‘]E‘JQ‘ULL@zLLﬁ?UquNusﬁﬁQ’]NLmNmu 50

o 1o

LaanTuEau [7]
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J dl A ' dl Yo = a Yo g 1 a a o ' s
- NQuNAREN 1 (test group 1) Aa naNRlAFULaRTuarlFundanldun 1 Hadniusanin

o 1 e

TN FAAa1

1 ¢=ll A 1 Q; Yo A Yo [ 9°, & a a o '
- NQNNANRIN 2 (test group 2) AB ﬂ@NWi@?ULL@Q%QULL@Ziﬂ?Uﬂ@’]ﬂu'}’J’]Uﬂ 1 UAANTUFD

@ 1 o

NFNUNUTNAR AT
lunsAneaazesnisnundasldiazn @i uase ANULNTedRIMILAZL TN Y89
wwulad y-GCS, ngsinlslew, Malondialdehyde, 4-Hydroxynonenal wazlsAumniuaiia lunyding

dl Yas = a ! o 2’/ A v K o ¥
VI1®?ULL@\1%"JU UTHIUAIUVAIUINYUNANBN (FNLAI LTI DU UUNIDNUINAN) @Zgﬂﬂﬂuﬂﬂﬂiﬁﬂl‘ﬁ

o a

sodium sulphide ANdndy 8 wWeafifusimlfidunan 1-2 wd wdqlddadlendneen 2 sau

aniuusaznguazlfzunstlauanstaeld feeding tube wynndu udaiiald 1 daluenauiuuadd

= 1o

waee DN umaen1dinann UVB chamber Nilsznausiaavasn UVB Lamp (13a 8 TRs AaNeng

u

pauagilutdas 275-305 wnTwmas, Toshiba, Japan)

o

wyazldfuuadidilnviaz 3 af (Auns we uazAnd) Anseiudunan 12 e Tne

1 [ 1 o/ da/
LN 199 AT

19dn19iN 1-4 ArudinuasildRe 54 qason99EURLNAS

H9dUn1iN 4-7 arndinuasnlife 72 aasanisamuRLIng

19d1A19N 7-10 ANdinLas ldRa 108 qaseaIEURLINAT

d09dnn1in 10-12 A udinuasildae 126 qasanseEuRmmg [7]

Body weight of mice from week 0 to week 12 of experiment

50

.
=

-+<k:- Positive control

=i

E

E £+ Normal
wespes Normal

-?30

2 —{}—Control

-

=

=

——\ suerier

[
=

= M. Sapeintum

10

0 2 4 [ 8 10 12
Time (Week)

s 9 wanswdnaewpdidluwsazngy  szudnwinnisdnen  davinugdhdinsanlunn
| | 1 1 o o o 1 1 Y & 1 a % 1 = %
nan wazusnsvetgliltedAtyseudnengn uanslidiudanisiiundonla visendae

141 lailddenasiapanudouaesnying
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sU# 10 uansdnmuzioniyihdlunguilng (Normal group) Twdilaniin 9 aelalléunasydd

wanadneuzRantiongindlunguaauan (Control group) luddaniin 9 GeldFuuasyad

£an
=
=)

FANALNITNWINLL AN
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a o 4

sU? 12 uapsdnmouziontiauyindlunguaaunn (Positive Control group) ludia v 9 s

I uuasgadsanAunsnudniiug 50 Jaaniusadu

i

sU? 13 uansdnmouziontiongindlungunaaes (Test group) luddaiin 9 Gelafuuasgd

o

faufunRuUndeldun 1 RaansuAansNuNminaady
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sU? 14 uassdnmouziiontiongindlungunaaes (Test group) ludaiin 9 Gelafuuased

FUALNNINUNARELIAILA 1 RaanTuAanFULNMinfAady

262 N19YAAMINNUNURY epidermis  lAEASAIAEBUANIBINIAAIEAS (histological
examination) UBIAINUINY

udsarnniIsnaaaaiduan 12 4da1d wpdndgnnisaiananliaanisialiaausog

v
a o ] o o

. a o :J/ (3 v a v Aa ] o d’l/ dl
pentobarbital 100 NAANTHABNTNUIUUNUY AMNUUNINITAANINLILTIIAIUNA Wunlszunnd 3

AFNLTURLNAT NINENIN1T fix 11 pre-labeled base molds Tae1ld Tissue-Tek freezing medium
wazld microtome FalsEAAIN 8 lulnsiums AasLugladiAReLdaeNA-uoa-laT ANty
%wﬁ@gﬂé’@uﬁmﬁ hematoxylin-eosin (H&E) Lﬁ'@@ﬁﬂwmximm%qLm:ﬂmwuwm epidermis
WREUWEUIENI WNNGNAILANUAZNANNARES

AYINTL epidermis BBHMIINYENA uazqaanIsinIAfanTuanIfagln 15-20 aannai

1
1 1w A ' ' a A oA

aal o va o U é’ Aﬂl a 1o/
wans 1auandnfdgnddsnani lianisewydihdmnauiamausendnanguing Aanguilaizy
59@gati(Normal group, 20.17 + 3.00 lulAswms)uaznguinbiiuia@gaidaniunisiunulan

U

o ar

(Control group, 27.95 + 3.85 lulaswmneenefiuadAty waznisléfundaald (21.59 + 2.04
Tulasiumg) Wsedmniud (19.01 + 1.66 Wiaswmg) Analunisanaaiumugesionioyesned

HadAnyiledauiunguinléizunilan daunnsléfundaainda (26.3742.94 lulaswmg) 1w dua
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Tun13anANIUNTBSHI NN LﬁﬂﬂLﬁﬂﬁ'ﬂﬁlLVi’]ﬁu

Yo %; ' = 1 =
VL@?'LI‘LH aneeagnaagn

'
o o o A =

Feusnsngaeng il ltdAnyilamauiungud

o

30.00 -

20.00 -

Epidermal thickness, pun

10.00 -

0.00

o

Normal Group

Conlrol Group

Posilive control group

Khai Namwa

1
UVB-irradiation

s 15 wareanisnundanld ndaetingy

A a

NIRIRAN

a

HuT plaANTesioniiany Wa Normal

%
group Anli1F3unasead, Control group Aaldfuuagdtuazinlan, Positive control

A Vo A a a a v v a a o 1o
AaldTuuasend wazamRuddudy 50 AaanFusadu ,

£l
v

A Yo ]
test group ﬂﬂvl,mml,mgfm e

v

naneldvdandqaind ueiunns 1 FaansusaniuuIminagady naWLVNLAAIANUUN

PRI b FUUasT (N=5) (*, p< 0.05, **, p< 0.005 Student’s t-test )

50 pm

AMNUUITDITUHNINUY

P
EUTURUILN

£ ¥

1 & 1
sU? 16 uaAANMUENINqaNIEANIA - (histology) Tevdnattuiiadaiamiyindlunguin

d} M Yo alal o o‘dll ] v
(Normal group) @lailafunasenil asupNszazingn 12 AuUanvidlenaddiundas

9an3sAINAILEE 400 7
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5?1 17 uansdnmuENI9qanIeanIA (histology) aessnaenaiaiiaianiongdndnlaiuuacen
1 faufunisiuwsiilan (negative control) ATUANTZEZRAY 12 dUaniillaneadnu

NAB39aNIIALUNAIVENE 400 L1

a o a . o 1 dy dl a o dl Vo a
gUN 18 uanIAN®UENINaN1EINIA  (histology) W09FRat1He BRI 6 FU LA
faNAUNIINUIRNRUT 50 HaanTNsadu (Positive control) ATLUANNIZEIZINAN 12 AUm19F

IHANBINUNABI9ANIFALUNIAITNE 400 L0
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=l o a . o 1 é’ tﬂl a o dl Vo =
5N 19 waRIANEIUENINAANIEANIA  (histology) TedsatigtaEaauinyn lAFuLad T
fanfunisnundagldusiBuine 1 Aaansuseniuinuminsedi (Test group) AILATN

srazIan 12 Alaiillanadiiundesqanssalninasueng 400 win

a [ % a . o 1 d’l dl a o tSI Yas A
57 20 uaAANMIUENINRANTEANIA  (histology) TedFnetliaibia Ty A TuwAse Al
FuALNNTARNAETNTILALENNU 1 AaanFuAaNTNINUTINAadY (Test group) ATLANN

sveizion 12 dlaniillaneinundesqansarinidseeny 400 i
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2.7 NMSANHINARNAAINNTZUIUNITANALNESANTLATUIALAS Immunofluorescence

o

=] a 2 1 v 9°J 2 A a a A o a aa
nsAnEHaTeINIIAUNaaelal NARENTN WIRAMHWIFINALNNIRN A ALsD
nsvLnUNNsaiiamasaandndugniAzilagds Immunofluorescence staining tWamsIALFHIM

TsmungnauTaanydanlas (Malondialdyhyde uaz 4-Hydroxynonenal) uaz@aumaumualilasi

'
A a oa %

o 1o a & a o a e’d’l dl a Zj/
fondulasuysantas lURIUTNIaIUUNARDY Tnanstmnziilgnuiangumgiivies Tasludu

u U U q

1
=

Nt FuiasnetsngnanivaAnsnaaniedniaraniaasud lasngniaaeudas Tna-uea-la
= dl o ng dgl 1 a oA s i’/ rdld: .
du etlesiuiuslangasendedjuinienl antuslasniduauwnaoumun 8 Tuaseugn Fix
Tnautlu Methanol (Mgninliifiuly 20 aeAEalEaWIL30-60 W) WK 30 WIH ANTUEN
dlasfing PBS waz cover wash buffer (Tris buffer saline (TBS) with 0.025% Triton X-100) 2 ﬂ?ﬂ"]
az 10 W1 Tuilegn permeabilization Inein1stndae TBS NI 0.2% Triton X-100 WaNDE 2 AT
a o 3}/ ng :if o [ Ls' 10 . . ¥
10 W ndw@niuiudegnilasiunisdanilianmizianzas  (non-specific  staining) Tnald
blocking buffer ( TBS with 10% bovine serum albunine (BSA)) vsiunan 30 wilunansdv
o %’/ o o o/ . Qg/ (% 1 % QW del 1
WAIANTMNNISMNAR  blocking  buffer  Taanisawnis  waglsifesinunisdne Fwillagnualy
unconjugated primary Malondialdyhyde antibody 1138 4-hydroxynonenal antibody Tuamnaaau
1:100 dilution buffer (TBS with 1%BSA) uaziiniunan 12 dalusluniialunsdesdungmg 4°C
WR2AN9A2E wash buffer 3 A3 NN138iaN secondary antibody #98 Cyanine Dyes (Cy5) 38
Fluorescein isothiocyanate (FITC) lueimsndau 1:200 dilution buffer uazdisifluman 1 Falualui
Pt X )y P v o . o
Hnlunassau wdrdunnalasnssaunialéindas fluorescence microscope Taa Cy5 azgnnazdu
nmelsiuasduns (650 wiluwms) AsdvAsiuiuduas (670 wilwwas) waz FITC azgnnavsiu
AelFnaad a0 (495 wnlwung) setiuaadiudlugdidian (519 W lumms)
aU v Y v . a c = ] 1 Z:/ a
stlnniléinnelsndas fluorescence microscope gnatasziiiFaumieu uusaynguiiaLEs
ANz TNIM N INgNAATITIiRNLTNTRIUAS fluorescence (AN intensity) aelisungy
Image J ANNM3ANHTNILAZNNINTEAEIT8Y MDA Uay 4-HNE lusiatrailaitiafionilony

wanfagl 22-32 wudn wyngunnundnsla vsedaauT disuiniaznnInszaesinred MDA uay

Q

'
1%

4-HNE Indvpesiunguingdadungunldldiugdd dunaldainqanGeuaididen vde Aund

1 v %
o 1

1 o dg/ dg/ ! ! dl va o 1 A 1% o v o
NTTANEBELNIANIDEINTULUR muu@umgwimnuuﬂL‘]Jmm‘@ﬂmﬂmqwﬂ?mmu,mma‘mmmm

U

I a

2199 MDA uaz 4-HNE gandinguind uazgendinguinundaelivisednivd dvaenndesiv

q

1Bunnrasilsiuasuatiafinaiig
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40.00 -

30.00 -

[ i

——

20.00 -

10.00 -

Skin epidermal thickness, pum

Control | Water Vitamin C Khai Namwa |

! UWVB-irradiation I

A a a

519 21 wavaenisiundaeld ndaatindn visedmiud Aedsuins MDA lufiauilany e Normal
group  AalallAFuunaseadl, Control group AaléFuuasegRiiuaziniilan, Positive control
A Vo A a a a v v a a o 1o A Vo A
PalATULARNT wasdnduTidudu 50 Hadniusady | test group AalAfuuastRll way

naneldvdandqetind umiunns 1 FaansuAaniuuIminadady nanWLNLAAIANUUN

BRI b FUuasedT (N=5) (*, p< 0.05, **, p< 0.005 Student’s t-test )

519 22 wanFunuuaznisnszaesinaes MDA aadsinet1vilabiaiaimydindlunguilns
=<y Yy == o o A | v
(Normal group) a@eldlifunasydd Asummszazinan 12 dlanvillenasiundes

qaNn3TAINAILEE 400 7
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al o o | A 4 - o o '
519 23 wannffunnuuarninszanesinaes MDA wessatinaiiaibieionianpsindlungy
AILAN (Control group) MFULANRT  FaNdunsfiutan AsuRNszazaan 12

&uaiiilanagdiundasqanssainiasaeng 400 Wi

51U 24 wannffunnuuarninszatesnaes MDA wessnetinailiaibieiontanpdndlungy
iy Yo A o a a a A a a o
AYLIAN (Positive control group) MiFULasAT fanAuNMsAUIAAWE Usunns 50 Haaniu

[

fladu ATUAINITEzINAT 12 AllaiileNe i undeqanssAtiniAsaang 400 Wi
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519 25 wannffunnuuarninszanesinany MDA aassiatnviiaitialianiiinyindlungunaany

' o

(Test group) MFuuasedll saudunsniundaeldun 13u1as 1 Raanfuseniuiutinse

a

Fu AsuANsEaziaaT 12 AUaniiilanesiiundasqanssalninasaeng 400 Wi

519 26 wannFunnuuarNINIzaeFfinaey MDA aassinattviliaitielaniinyindlungunaans

(Test group) WAFuuaseddl sanfunisiundaatidaun 1snnns 1 Haaninstaniniiiuin

[

fladu ATUAINITEzINAT 12 AllaiileNe i undeqanssAtiniAsaang 400 Wi
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Control [ Water Vitamin C Khai

UVB-irradiation

519 27 nagesnsniundosled ndaetingn veadmHua satsunn 4-HNE TuRouilany e Normal
group AalailAFuuaseail, Control group AaléFuuasgRtiuazinilan, Positive control
A Yo = a ST I a a o [ A Yas = a
palAFULaERl uasdmAuddndu 50 Nadniusiadu | test group ARlATuLANEAl way

nanglavizandqaindunliunn 1 Jaanfusaniuunutinaad NI NLYNLAAIAINALN

geaRantiayR lAFuuagdt (N=5) (*, p< 0.05, **, p< 0.005 Student's ttest )

519 28 wansFunuuaTNIINIzaEFinaey 4-HNE vadsiet1viladiaianimydindlunguilns
=<y Yy == o o A | v
(Normal group) a@eldlifunasydd Asummszazinan 12 dlanvillenasiundes

qaNn3TAINAILEE 400 7
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50 pm

al o o | A 4 - o o '
g9 29 wannffunnuuarninszatesinaey  4-HNE  wessatinaiiaibiaionionpdindlungs
AILAN (Control group) MFuuasdl sanduNIsiuman AsuRINsEzaan 12
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Abstract

Scope: A chronic UVB exposure causes skin damage and cancer. In this study, we investigated the
effects of Thai banana (Musa AA group or Khai Kampheang Phet and Musa ABB group or Namwa
Mali Ong) consumption on prevention of UVB-induced skin damage in male ICR mice.

Methods and results: Animals were orally administered Khai or Namwa’s fruit pulps at dose of 1
mg/g body weight/day for 12 weeks. Another group was orally administered 50 mg/day L-ascorbic
acid, a potent antioxidant. Simultaneously, the shaved backs of animals were irradiated with UVB for
12 weeks. The intensity dose of UVB-exposure was increased from 54 md/cm? per exposure at week
1 to 126 md/cm?® at week 12. A significant increasing in skin thickness, lipid peroxidation and protein
oxidation end products, and expression of MMP-1 were observed in UVB-irradiated mouse skin. The
diminishing in accumulation of oxidation end products was found in skin of UVB-irradiated mice

receiving Khai. This phenomenon occurred along with lowering MMP-1 expression, inhibiting

epidermal thickening and inducing Y-GCS expression.

Conclusion: The dietary intake Thai banana (Khai Kampheang Phet) could prevent skin damage

from chronic UVB exposure by enhancements Y-GCS expression and lowering the oxidation end

products.

Graphic Abstract
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1 Introduction

The development of skin disorders including premature aging and cancers can be developed from

skin damaged from excessive UV exposure. UV radiation, especially UVB has been reported its

harmful effects on skin [1-2]. It is almost completely absorbed by epidermis and penetrates to the

upper layer-of the dermis [3] destroy DNA and product free radicals including reactive oxygen (ROS)

and nitrogen (RNS) species [4]. Free radicals generate DNA and protein crosslinking and oxidize the

functional groups of the biological macromolecules, such as DNA, proteins and lipids in the skin [5]

accelerating skin disorders. The oxidation end products, for instance, are malondialdehyde (MDA), 4-

hydroxynonenal (4-HNE) and protein carbonyls. A reactive aldehyde from lipid peroxidation, MDA and

4-HNE can further interact with other biological molecules, and protein-bound carbonyls play a key

role in degenerative process [6-8]. Free radicals also activate the release of inflammatory cytokines

and mediate cytokines binding to their receptors, thus induction the expression of collagenases, such

as matrix metalloproteinase-1 (MMP-1). However, free radicals can activate cell signalings for

promoting cellular repair mechanisms [9,10]. For an example, free radicals stimulate signaling

pathways for enhancing the expression of glutathione (GSH) involving in cellular defense mechanism

against free radicals [11,12]. Moreover, skin contains endogenous substances which have capacity to

reduce oxidized elements. Such substances, for instance include L-ascorbic and a-tocopherol [13].

Nevertheless, an overproduction of free radicals resulting from excessive exposure to external stimuli

including UVB can overcome the defense mechanism and capacity of endogenous antioxidants,

leading to skin disorders characterized by inflammation, dermal connective tissue degradation and

abnormal accumulation of the oxidized products.

As described above, to prevent or delay the onset of skin disorders, therefore, a regular intake of

food to help to maintain the defense function and/or antioxidant capacity of skin has been suggested

[14,15]. Fruits and vegetables are included as the enormous sources of dietary antioxidants as they
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contain several kinds of vitamins and phenolic compounds with free radical scavenging activity [16,
17]. Several studies show that antioxidants in these sources are bioavailable after ingestion [18, 19],
and the plant antioxidants also increase expression of endogenous antioxidant substances, such as
glutathione [20, 21], leading to lower incidence of oxidation- related diseases [22].

As far as we know, there have been very few studies revealing the effects of banana consumption
on prevention of UVB-induced skin disorders. From our previous study we found that oral
administration of M. suerier or AA group or Khai in Thai (1 mg/g body weight/day) or L-ascorbic acid
(50 mg/day) could prevent a loss of dermal connective tissue and reduction in level of gultathione in
mouse skin after chronic exposure to UVB radiation. Oral administration of M. sapientum or ABB
group or Namwa did not markedly affect in this prevention. According to these results, we
hypothesized that the prevention in UVB-induced skin damage of Khai may result from actions of
some antioxidant compounds including phenolics and B-carotene contained, leading to lowering in
accumulation of MDA, 4-HNE and protein carbonyls in the UVB-irradiated skin. In addition, the
preventive effect may also cause from promoting self-defensive mechanism via inducing the
expression of antioxidant response molecules, such as y-Glutamyl cysteine synthetase (y-GCS), a
rate limiting step enzyme for GSH synthesis. To prove this hypothesis, in the present study,
comparison of phenolics and p-carotene content in banana varieties, Khai (Kam Phaeng Phet) and
Namwa (Mali-Ong) was performed. Next, we observed epidermal thickening, accumulation of MDA, 4-
HNE, protein carbonyls and MMP-1, in skin of mice exposed to chronic UVB radiation, and the effect
of banana fruit pulp consumption to attenuate the accumulation of these oxidized molecules and
MMP-1. Moreover, the expression of y-GCS in mouse skin exposed to UVB was observed to clarify
the ability of natural antioxidants in banana to enhance the defensive mechanism in the skin. We also
study the effect on L-ascorbic consumption to compare in vivo antioxidant capacity between synthetic

L-ascorbic acid and natural antioxidants contained in the banana fruit.
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2 Materials and Methods

2.1 Collection of banana fruits

Ripen fruit pulp of bananas (Musa AA group, Khai Kamphaeng Phet in Thai) and Musa ABB
group, Namwa Mali Ong in Thai) without brown or dark spot were collected from local market in
Phitsanulok province, Thailand during February to May (summer season). Fresh fruits were used in

this study.

2.2 Determination of total phenolic content

The fresh pulps from ripen Khai and Namwa bananas were peeled and blended. Thirty grams
of the blended pulp were mixed with 50% ethanol up to 100 mL. The obtained mixture was stirred and
kept form light for 10 min [23,24]. After centrifuged at 14,000 rpm at 4°C for 5 min, the collected
supernatants (samples) were used for determining total phenolic content and antioxidant activity. The
total phenolic content of the samples were measured by the Folin—Ciocalteu reagent assay [25]. This
assay was carried out in 96-well plate. A 20 pl of samples were mixed with 130 pl of deionized water
and 10 pl of Folin ciocaltue’s reagent, respectively. Then 100 pl of sodium bicarbonate (7%Na,CO3)
was added. After incubation at room temperature for 30 min, the absorbance values of the samples
were measured at 750 nm with a microplate reader (BioStack Ready, BioTek Instruments, Vermont,
USA). For a blank solution, the sample solution was replaced with ethanol for acting as a blank
solution. Results were exhibited in gallic acid equivalents (mg GAE per 100 g of the dried fruit pulps.
The determination was run in triplicate (n = 3).

2.3 Determination of B-carotene content

The pulps from ripen Khai and Namwa bananas were peeled and lyophilized to remove water
before B-carotene extraction. The reflux extraction technique was used to extract $-carotene from the

dried bananas [17]. Five grams of the dried bananas were placed in a soxhlet chamber. A 50 ml of
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ethanol (AR grade, LabScan Asia Co., Ltd., Bangkok, Thailand) containing 2 M potassium hydroxide
(KOH, Ajex Finechem Pty., LTD, Auckland, New Zealand) and 10 ml of 10% (w/v) L-ascorbic acid
(POCH, Sowinskiego, Poland) were acted as the extraction solutionThe extraction solution was
refluxed in a boiling water bath. After 60 min of the reflux process, the resultant extract was cooled to
room temperature and further partitioned with 70 mL of hexane. The yellowish-hexane layer was
transferred to a separating funnel containing 50 mL of 5% (w/v) KOH solutionOne hundred mL of 10%
(w/v) sodium chloride (NaCl, Ajex Finechem Pty., LTD, Auckland, New Zealand) was added into the
funnel. KOH and NaCl were used to remove alkaline particles. The upper layer of the two-layer
solution was then collected and evaporated in a rotary evaporator under vacuum in a 37°C. The
residue was dried with nitrogen gas, and the dried samples were dissolved in methanol determining -
carotene content. A B- carotene standard (95%, SLBG6787V, Sigma-Aldrich, St. Louis, Missouri,
USA) in methanol was prepared in various concentrations in range of 100-700 pg/mL [26]. The
absorbance values of the standard and sample solutions were measured at 450 nm by using a
microplate reader. . The amount of B-carotene content in the sample (mg per 100 g of the fresh fruits)
was calculated by integrating the absorbance using a calibration curve constructed from standard -
carotene. The experiment was run in triplicated (n = 3)

2.4 Animal treatment

The study protocol was approved by Naresuan University Animals Ethics Committee
(Approval No. NU-AE570513). Male ICR mice (4 weeks old) in the weight range 25-30 g were
purchased from National Laboratory Animal Centre (Mahidol University, Nakhon Pathom, Thailand),
and housed andad bilitum for 1 week in a temperature—controlled room at 22+1°C and 55+10%
relative humidity before experiment at center for animal research Naresuan University. The mice hair
was shaved by applied 8% sodium sulphide x-hydrate on the dorsal region of 4x4 cm?. The hair then

was removed with wet cotton without skin damaging. Twenty five mice were randomly separated in to
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5 groups (5 mice per group). Two groups of mice were received freshly blended bananas (Khai or
Namwa) at doses of 1 mg/g body weight/day every day for 12 weeks by using feeding tube and their
skins were irradiated with UVB. The other two groups were orally administered 50 mg of L-ascorbic
acid, that was freshly prepared in an aqueous solution once a day or RO water through feeding tube,
and their skins were irradiated with UVB. The last group of mice was non-irradiated -UVB (control).
The selected dose of the blended banana fruits and L-ascorbic was followed our previous study [24].

The mice were weighed daily before administration.

2.5 UVB irradiation

The protocol of UVB irradiation was followed our previous study [24] with some modifications.
In brief, mice were anesthetized with ketamine (40 mg/kg) and xylazine (2 mg/kg) before irradiation.
UVB from fluorescence sunlamps (FL8BLB, Toshiba, Japan) emitting rays between 275-305 nm was
exposed to shaved back region of mice. The distance of lamp-to-skin is 30 cm. The frequency of
irradiation is set at 3 times a week (Monday, Wednesday and Friday). Mice were irradiated with UVB
once a day (during 08.30-11.00) after the oral administration of the blended banana fruits, L-ascorbic
acid or RO water for 1 h. The irradiation period was performed by varies to control the UVB energy
applied to each mouse. To prevent skin burn after UVB irradiation, dose of UVB was subsequently
increased. The initial dose of UVB started with 54 mJ/cm® at weeks 1—4, and then it is increased to 72

mJ/cm? at weeks 5-7, 108 mJ/cm’ at weeks 8—10 and 126 mJ/cm? at weeks 11-12 respectively.

2.6 Histology and measurement of epidermal thickness

After finished 12 week, the mice were terminated. Pentobarbital over dose (100mg/kg) was
given. The shaved back skin regions (approximately 3x3 sz) were then quickly removed, fixed in
pre-labeled base molds containing tissue-tek (Sakura Finetek USA, Inc., California, USA) and then

frozen. To observe epidermal thickness and dermal layer arrangement, the skin tissues were
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transversely sectioned at 8 mm in thicknesses, placed on poly-L-lysine coated slides and stained with
hematoxylin—eosin respectively. The epidermal thicknesses were measured using the AXIO software

(Carl Zeiss Microscopy Ltd., Cambridge, UK).

2.7 Immunofluorescence staining

To detect lipid peroxidation end products including Malondialdehyde (MDA) and 4-
Hydroxynonenal (HNE) and collagenase, Matrix Metalloproteinase (MMP-1) in the collected skin
tissue, the sectioned skin tissues were placed on poly-L-lysine coated slides, fixed in cold methanol
for 15 min and washed with PBS. Tissues were permeabilized by treating with 0.2% Triton-X in 1X
Tris buffered saline (1X TBS) for 10 min and washed twice. Nonspecific target of antibody was
blocked by incubated the permeabilized tissues in 5% bovine serum albumin (BSA) with 0.1% Triton-
X in TBS for 30 min. After blocking, the tissues were incubated at 4 °C overnight in a humidified
chamber with rabbit-anti-MDA polyclonal (ab6463, Abcam), rabbit-anti-4-HNE polyclonal (ab46545,
Abcam) or rabbit-anti-MMP1 polyclonal 1:200 dilution (ab137332, Abcam) primary antibodies diluted
with 1% BSA in TBS. Then, the tissue were washed three times with TBS and incubated with goat-
anti-rabbit polyclonal antibodies conjugated with FITC (ab6717, Abcam) or Cy5® (ab6564, Abcam)
1:100 dilution diluted with 1% BSA in TBS. The tissues were wash again with TBS and then were
treated with Fluoromount (Diagnostic BioSystems, California, USA) and covered by cover-slip before
visualization under a fluorescence microscope (Axio Observer Z1, Carl Zeiss Microscopy Ltd.,
Cambridge, UK). Fluorescence intensity was analyzed by Image J program free program

(The National Institutes of Health (NIH)).

2.8 Immunohistochemistry staining

To detect protein carbonyl adducted protein, the sectioned skin tissues were placed on poly-

L-lysine coated slides and fixed with methacarn solution [30 mL of methanol, 15 mL of chloroform and
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5 mL of glacial acetic acid] for 30 min at room temperature (RT). Oxyl[HC™ Oxidative Stress
Detection Kit (S7450, MERCK, Darmstadt, Germany) composing of Wash Buffer, Antigen Retrieval
Buffer, Blocking Buffer, Primary Antibody, DAB-A, DAB-B, Antibody Diluent, Biotinylated Secondary
Antibody, Streptavidin conjugated HRP, Hematoxylin, and DNPH Solution, was used. Tissues were
retrieved with antigen retrieval buffer, incubated in a streamer for 20 min. After, were washed two
times with washing buffer and incubated with 2,4-dinitrophenylhydrazine (DNPH) solution for 30
minutes in a humidified chamber at room temperature. Nonspecific antigens were blocked by using
blocking buffer. After blocking, the tissue samples were incubated with anti-DNP primary antibody
overnight in a humidified chamber at 4°C. After washing, the tissue samples were incubated with
biotinylated secondary antibody for 30 min and washed again. The endogenous peroxidase in tissue
samples were quenched by treating with 3% hydrogen peroxide for 10 minutes. The tissue samples
were washed and incubated with streptavidin conjugated HRP for 30 min subsequently. Then, the
samples were incubated with substrate DAB [3,3’ diaminobenzidine] to develop the brown color
products of substrate and enzyme-conjugated antibody, and subsequently stained with hematoxylin,
dehydrated and mounted with mounting media before observation under light microscope. (Axio

Observer Z1, Carl Zeiss Microscopy Ltd., Cambridge, UK).

2.9 Western blot analysis

Total protein was extracted from the collected skin tissue using T-per protein extraction
(QC214313, Thermo scientific, lllinois, USA). The obtained protein solutions was loaded on ( total
protein, 50 pg per lane) 10% sodium dodecyl sulphate-polyacrylamide gel (SDS-PAGE) (Cat. 161-
0301, Bio-rad laboratories, Inc., USA) and transferred (PierceG2 Fast blotter, Thermo scientific, Inc.,
lllinois, USA) onto a polyvinylidenefluoride (PVDF) membrane (Pall Corporation, Florida, USA). The
membrane was incubated in a TBS-T buffer [20 mM Tris-HCI (pH 7.5), 150 mM NaCl, and 0.1%

Tween 20] containing 5% skim milk (VL-321563-126, Merck, Darmstadt, Germany) overnight at in
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refrigerator. After washing, the membrane was incubated with anti-GCLC (anti-y-GCS) polyclonal
antibody (ab41463, Abcam plc., Cambridge, UK) in TBS-T with 5% skim milk (1:1000) or anti-B-actin
monoclonal antibody (A5441, Sigma-Aldrich, St. Louis, Missouri, USA) in TBS-T with 5% skim milk
(1:2000). After incubated, the membranes were further incubated with goat anti-rabbit-HRP
conjugated secondary antibody (Millipore, Massachusetts, USA) in TBS-T with 5% skim milk (1:2000)
for 1 hr. Afterward, the blots were exposed to 3,3',5,5-tetramethylbenzidine (TMB) substrate, and the
signals were visualized and analyzed with a Chemi-Doc™ XRS+system and the Image Lab™
Software (BIO-RAD,California, USA), respectively The signal intensity of B-actin was used as a

loading control.

2.10 Statistical analysis

The data are compared for each condition by Student's unpaired t-test. All quantitative data

are expressed as means of samples for each treatment. p<0.05 are considered significant.

3 Results and Discussion

3.1 Total phenolic and B-carotene contents of Khai and Namwa

Only a few studies have revealed the nutrient composition in fresh fruit pulp of Thai banana.
There have been reported that Khai variety has more contents of total phenols, vitamin E and -
carotene than other varieties [17, 24, 28]. In this study we compared total phenolic and 3-carotene
contents between two varieties of bananas, Musa AA group (Khai Kamphaeng Phet) and Musa ABB
group (Namwa Mali Ong). We found that Khai Kamphaeng Phet contained higher content of total
phenolic (38.39 £ 1.39 mg GAE per 100 g of fresh fruit pulp) as in comparisons with Namwa Mali Ong
(30.05 £ 0.50 mg GAE per 100 g of fresh fruit pulp). For B-carotene content, according to the
extraction and analysis methods used in our study, B-carotene in Namwa Mali Ong could not be

detected whereas high -carotene (79.20 + 4.76 pg per mg extract) was found in Khai Kamphaeng
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Phet. To eliminate the impact of the different water content in a fresh fruit between two varieties, we
also compared total phenolic and 3-carotene in the lyophilized fruit pulps and found that Khai (137.11
+ 4.96 mg GAE for phenolic and 282.85 + 16.95 pg per 100 g of dried fruit pulp for B-carotene)
contained both groups of compounds higher than that of Namwa (89.43 + 1.79 mg GAE for phenolic

per 100 g of dried fruit pulp).

As we known phytochemicals such as flavonoids, carotenoids and polyphenols are natural
antioxidants that play an important role in preventing organ damages causing from an accumulation of
damaged molecules in cells and organs. Such damages molecules result from the reaction between
generated free radicals and cell components such as DNA, proteins and lipids. In general, human
organs including skin have endogenous defensive molecules to inhibit or delay free radical activities
[13,14]. However, excessive exposures to extrinsic factors such as UVB generate over production of
free radicals and drive the phenomenon of the imbalance between activity of endogenous defensive
molecules and that of generated free radicals in the skin [14, 29]. Continuous administration of
phytochemicals with antioxidant activity, therefore, is suggested to be a possible way to enhance
antioxidant capacity and improve defensive mechanisms in the skin repeatedly exposed to UVB [24].
According to higher phenolic content of Khai, we hypothesized that consumption of Khai might show
higher preventive effect than Namwa on UVB-induced accumulation of damaged molecules.
Moreover, as lipid is a main structure of cell that serves as an excellent target of free radicals attack
[30] and B-carotene is carotenoids that prevent free radical attack in lipid part of cellular membrane
[31], consumption Khai with high p-carotene content might also lead to a low accumulation of oxidized

lipid molecules in the skin.

3.2 Effect of banana consumption on epidermal thickness of UVB-irradiated mouse skin
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Chronic UVB exposure causes skin damages and dermal connective tissue disarrangement
that are known as photodamage. After repeated expose to UVB, free radicals such as ROS are
generated. Afterward, skin cells, particularly keratinocytes respond to ROS by secreting infammatory
mediators such as IL-1, IL-6 and TNF-a, leading to to keratinocytes hyperdifferentiation and skin
inflammation. These can contribute premature skin aging and cancer [32]. Epidermal hyperplasia
and/or thickening, therefore, are marked as skin disorder signs. In the present study, epidermal
thickness was measured and compared between groups. The significant increase in epidermal
thickness was observed in groups of UV-irradiated mice receiving water (27.95 + 3.85 um, p<0.05)
and Namwa Malin Ong (26.37 + 1.94 um, p<0.05) after treatments for 12 weeks as compared to non
UVB irradiated group (control, 20.17+3.00 um). In addition, connective tissues damage from chronic
UVB exposure was markedly found in these two groups. The epidermal thickening and connective
tissue damage in skin of UVB-irradiated mice was lowered by oral administration of L-ascorbic (19.01
+ 1.66 pum) or Khai Kamphaeng Phet (21.59 + 2.04 pm), (Figure 1). . The resultant data suggest that
daily consumption Khai Kamphaeng Phet or L-ascorbic acid provides the beneficial effects on
prevention of skin epidermal thicknening and damage from chronic UVB exposure. Such beneficial
effects might result from natural antioxidants in Khai and a great antioxidant activity of L-ascorbic
acid. Actually, the phenolic compounds have lower antioxidant activity than L-ascorbic acid.
Nevertheless, some studies report that continuously consumption of natural antioxidants such as
phenoilcs can prevent premature aging or UV-induced skin damage [33,34]. Scavenging of ROS by
antioxidants would not only prevent ROS-cellular component reaction, but also decrease inflammatory
cytokine production in the UVB-irradiated skin, consequently preventing UVB-induced epidermal and

dermal alterations.

3.3 Effect of banana consumption on lipid peroxidation in UVB-irradiated mouse skin
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Lipids including saturated and unsaturated fatty acids are a vital cellular component in a skin
layer. The excellent substrates for lipid peroxidation are polyunsaturated fatty acid. Malondialdehyde
(MDA) and 4-Hydroxynonenal (4-HNE) are lipid peroxidation end products that are diffusible to distant
organs. They played a vital role by adducting cellular components such as proteins, thus leading to

malfunction of adducted proteins and development of various diseases [30].

Immunofluorescence staining of skin tissues for examinations of MDA and 4-HNE are shown
in Figure 2 and 3, respectively. After exposure to UVB radiation for 12 weeks, as comparison to non
UVB-irradiated group (control), an intensity of staining of both end products was significantly higher
(p<0.05) in group of UVB-irradiated mice with receiving water. The localization of the end products
was markedly found in the epidermal region, where lipids are abundant in its outermost layer. On the
other hand, diary oral administration of Khai Kamphaeng Phet or L-ascorbic acid significantly inhibits
the increasing of MDA and 4-HNE in UVB-irradiated mouse skin (Figure 2A and 2C). In comparison
between two varieties of bananas, Khai Kamphaeng Phet showed the potential in MDA and 4-HNE
inhibition much better than Namwa Mali Ong. High content of B-carotene, a lipid soluble antioxidant in
Khai might play a role in scavenging of radicals in lipid parts of skin and preventing the generation of
lipid peroxidation end products. Concerning on L-ascorbic acid, its rapid antioxidant activity might
minimize the further reaction or chain reaction occurring between ROS and cellular components,
consequently lowering the accumulation of peroxidation end products. Moreover, it has been reported
that L-ascorbic administration can inhibit lipid peroxidation in the skin of mice exposed to y-radiation,
probably via enhancement of glutathione peroxidase activity to detoxify lipid peroxides in the skin

tissue [29].

3.4 Effect of banana consumption on protein oxidation in UVB-irradiated mouse skin
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Proteins are known to be considerable targets for oxidative modification. The oxidative
reaction or oxidative cleavage of amino acid lysine, arginine, proline and threonine residues leads to
protein carbonyl formation [8]. Besides, during lipid peroxidation or reducing sugars reaction, protein
may produce carbonyl group through reactions with aldehydes (4-hydroxy-2-nonenal,

malondialdehyde) [35].

After chronic exposure to UVB for 12 weeks,carbonyl content was found to increase
significantly in UVB-irradiated mice receiving water comparing to non UVB irradiated group (Figure 3A
and 3B). In contrast, oral consumption of Khai Kamphaeng Phet or L-ascorbic acid significantly
inhibited the UVB radiation-induced increase in carbonyl content. Such inhibition was not significant in
Namwa Mali Ong receiving group. The obtained results relate to the results from the study in lipid
peroxidation end products, MDA and 4-HNE. Again, consumption of high phenolic content in Khai and
high antioxidant activity of L-ascorbic might prevent accumulation of oxidation end products in UVB-
irradiated skin. For Namwa receiving group, more accumulation of carbonyl product as compared to
Khai receiving group might be from lower content of natural antioxidants but higher content in

carbohydrate and sugar in fruit pulp [36].

3.5 Effect of banana consumption on MMP-1 expression in UVB-irradiated mouse skin

Basically, MMP-1 is a collagenase that majorly produces by dermal fibroblasts and degrades
type | collagen deposited in dermal layer. An active form of MMP-1 is a secreted form [37]. Over
expression of the secreted MMP-lresults in fragmented collagen fibril, consequently losing
biomechanical properties in skin (refs). One of a vital stimulator of MMP-1 expression and secretion is
UV radiation [38], and several studies reveal that phenolics and L-ascorbic can suppress the

production and secretion of MMP-1 by UV-irradiated fibroblasts through blocking ROS-receptor and/or
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cytokine-receptor downstream pathway such as mitogen-activated protein kinase or MAPK pathway

[39,40].

In the present study we found that the repeated exposure to UVB radiation dramatically
increased MMP-1 in the mice skin, particularly in the dermal layer (Figure 4A and 4B). Consumption
of banana (Khai or Namwa) or L-ascorbic potential inhibit over expression of MMP-1 induced by
chronic UVB exposure but significant inhibition was found only in group of mice receiving L-ascorbic
acid. In previous study we reported that oral administration of Khai or L-ascorbic acid prevented
declining in elasticity and type | collagen in UVB-induced mouse skin damage [24]. We hypothesized
that such prevention might, at least partially, result from inhibiting over expression of MMP-1 through
diminishing amount of ROS to activate cell receptor involving in MMP-1 expression. However, further
study to identify the active and/or secreted form of MMP-1 should be performed to clarify the
preventive effect of banana or L-ascorbic consumption on MMP-1 activity in the UVB-irradiated

mouse skin.

3.6 Effects of bananas consumption on 7Y-Glutamyl cysteine synthetase enzyme

expression in UVB-irradiated mouse skin

Y-Glutamyl cysteine synthetase (Y -GCS) is a rate limiting step enzyme for glutathione (GSH)

synthesis. Glutathione exist intracelluarly in either an oxidized (GSSG) or reduced (GSH) state. GSH,
coupled with glutathione peroxidase detoxifies peroxides by acting as an electron donor in the
reduction reaction, producing GSSG as an end product. The reduction of GSSG is catalyzed by
glutathione reductase (GR) in a process that requires NADPH. Maintaining a glutathione level is

critical for survival and function of cell, and the correlation between impaired GSH level and
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degenerative diseases has been shown [41]. Moreover, there has been reported indicating high
MMP-1 induction in fibroblasts with low glutathione level [42].

Several studies have shown that phytochemicals such as 3-carotene and polyphenols have
positive effects on glutathione synthesis system. Our previous study reported that total glutathione
level in mice skin repeatedly exposed to UVB significantly decreased as comparison to non UVB-
irradiated skin, and oral administration of Khai or L-ascorbic acid inhibited decrease in glutathione
level. Such inhibition was not observed in Namwa administration group. In this reason, in the present

study, we investigated y-GCS expression in UVB-irradiated mouse skin. As shown in Figure 5, as

comparison to non UVB-irradiated skin, a small but significant increase in the expression of Y-GCS

was found in the repeatedly UVB-exposed skin. This might result from a defensive system of skin

protection by producing more glutathione to counteract ROS overproduced from chronic UVB

exposure. This hypothesis bases on the previous reports indicating enhancement of expressions of

antioxidant response element genes including Nrf-2, a Y-GCS gene transcription factor by

accumulated ROS [43]. Nevertheless, over generation of ROS could overwhelm such defensive

system, resulting in low level of glutathione and premature skin damage in UVB-irradiated skin. For

group of mice receiving banana, a great increase in level of Y-GCS expression was observed in UVB-

irradiated skin of mice receiving Khai Kamphang Phet as comparison to skin of non UVB-irradiated

group. As phenolics and B-carotene in Khai could scavenge free radicals and also activate Nrf-2

[21,22] to induce Y-GCS expression, resulting in restoration of normal level of glutathione expression

in UVB-irradiated skin. A long term consumption of Khai, thus prevented skin damage and

accumulation of oxidized lipid and protein end products. This prevention was not occurred in Namwa

receiving group.
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Concerning the L-ascorbic receiving group, we found a low expression of y-GCS in UVB-

irradiated skin. In general, L-ascorbic acid is a potent antioxidant that rapidly eliminates free radicals

and promotes glutathione recycling in cells but does not induce the expression of Y-GCS [44,45]. L-

ascorbic acid can reduce an oxidized glutathione by rapid activating GR activity. The synergistic
activity in antioxidant and glutathione recycling of L-ascorbic acid, therefore, promoted preventing in
skin damage from chronic UVB exposure. Additionally, from the obtained results we can conclude that

Khai and L-ascorbic acid has different mechanism(s) in preventing skin damage from UVB.

4 Concluding remarks

[Start by stating your main findings and explain their meaning and importance. Relate or parallel your
findings to the existing literature. You may acknowledge the limitations of your study, and make
suggestions for further research. In a short paragraph, write the conclusions you have drawn from

your study. This should be the “take-home message.”]

Mouse skin exposure to chronic UVB radiation resulted in dermal connective tissue damage,

and high accumulation of lipid peroxidation and protein oxidation end products in skin. Moreover,

higher expression of MMP-1 and lower expression of Y-GCS, an enzyme for glutathione synthesis

was observed, as comparison to non UVB-irradiate mouse skin. The diminishing in accumulation of
protein and lipid peroxidation end products was found in skin of UVB-irradiated mice receiving Khai

Kamphaeng Phet. This phenomenon occurred along with lowering MMP-1 expression, inhibiting

epidermal thickening and inducing Y-GCS expression and was possibly due to the antioxidant action

and/or the actions at cellular level of phenolics and B-carotene abundantly found in Khai. The

preventions in dermal skin damage, enhancement of MMP-1 expression, accumulation of oxidation
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products and epidermal thickening was also found in the group of mice receiving L-ascorbic acid.

However, these preventive effects were not due to Y-GCS induction but from potent antioxidant and

glutathione recycling activities.
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Figure legends.

Figure 1.  Light micrograph (at magnification, 40X) of tissue stained with haematoxylin and eosin to
show the effect of orally administered of fresh ripe Khai, Namwa and L-Ascorbic acid on

skin thickness and skin damage in chronic UVB-irradiated mice
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Figure 1A. The effect of orally administered of fresh ripe Khai, Namwa and L-ascorbic acid on

Figure 2.

epidermis thickness in chronic UVB-irradiated mice. Each bar represents the mean *
SEM for 5 mice. Student’s t-test indicates statistically significant differences between

groups. (*p < 0.05), (**p < 0.01)

The effect of orally administered of fresh ripe Khai, Namwa and L-Ascorbic acid on Lipid

peroxidation end products (MDA and 4-HNE) in UVB-induced mice skin

Figure 2A. Fluorescence intensity of immunofluorescence staining of skin tissue (percentage of

control group). The effect of orally administered of fresh ripe Khai, Namwa and L-
ascorbic acid on Malondialdyhyde in chronic UVB irradiated mouse skin. Each bar
represents the mean £ SEM for 5 mice. Student’s t-test indicates statistically significant

differences between groups. (*p < 0.05), (**p < 0.01)

Figure 2B. Light micrograph (at magnification, 40X) of tissue stained with Anti-MDA reveal with Cy5

2 antibody to show the normal mouse (A) and the orally with water on skin thickness in

chronic UVB-irradiated mice

Figure 2C. Fluorescence intensity of immunofluorescence staining of skin tissue (percentage of

control group). The effect of orally administered of fresh ripe Khai, Namwa and L-ascorbic
acid on 4-hydroxynonenal in chronic UVB-irradiated mouse skin. Each bar represents the
mean = SEM for 5 mice. Student’s t-test indicates statistically significant differences

between groups. (*p < 0.05), (**p < 0.01)

Figure 2D. Light micrograph (at magnification, 40X) of tissue stained with Anti-4-HNE reveal with

FITC 2" antibody to show the normal mouse (A) and the orally with water on skin thickness in chronic

UVB-irradiated mice

Figure 3. The effect of orally administered of fresh ripe Khai, Namwa and L-Ascorbic acid on Protein

oxidation end product (Carbonyl) in UVB-induced mice skin

Figure 3A. The intensity of immunohistochemistry staining of skin tissue (percentage of control
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group). The effect of orally administration of fresh ripe Khai, Namwa and L-Ascorbic acid
on carbonyl adducted protein in chronic UVB irradiated mouse skin. Each bar represents
the mean + SEM for 5 mice. Student’s t-test indicates statistically significant differences

between groups. (*p < 0.05), (**p < 0.01)
Figure 3B. Light micrograph (at magnification, 40X) of tissue stained with Anti-DNP 2" antibody to

show the normal mouse (A) and the orally with water on skin thickness in chronic UVB-

irradiated mice

Figure 4. The effect of orally administered of fresh ripe Khai, Namwa and L-Ascorbic acid on MMP-1
production in UVB-induced mice skin

Figure 4A. Fluorescence intensity of immunofluorescence staining of skin tissue (percentage of

control group). The effect of orally administration of fresh ripe Khai, Namwa and L-Ascoric
acid on Metrixmetalloprotenase-1 (MMP-1) in chronic UVB-irradiated mice skin. Each bar
represents the mean + SEM for 5 mice. Student’s t-test indicates statistically significant

differences between groups. (*p < 0.05), (**p < 0.01)
Figure 4B. Light micrograph (at magnification, 40X) of tissue stained with Anti-MMP-1 reveal with

FITC 2™ antibody to show the normal mouse (A) and the orally with water on skin

thickness in chronic UVB-irradiated mice.

Figure 5. The effect of orally administration of fresh ripe Khai, Namwa and L-Ascorbic acid on vy -

Glutamyl cysteine synthetase (y -GCS) expression in chronic UVB-irradiated mice.

Figure 5 Intensity of normalized y -GCS protein level from western blot technique. The effect of orally

administration of fresh ripe Khai, Namwa and L-Ascorbic acid on y -GCS level in chronic

UVB irradiated mice. Each bar represents the mean + SEM for 5 mice. Student’s t-test

indicates statistically significant differences between groups. (*p < 0.05), (**p < 0.01)
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Figure 2B
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Figure 4B
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