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mangostin - 9 nn1sANwITosiunUI ansafadesdiudeunisuenliudansiinuandAid
Fnonngs lunisiunysegndlddufunisuisiivesusifuasflgns antioxidation i3
UseAnsnings vnzivarsUsemeldiinruaulafnuarsindanegnadudu visUssme
fdusunisnaaesinnis@nwinisaddnluuialsauds lnedlngldifissasasaney

(crude extract)
dmsurazideiesneuiiauevenu 1. levhns@nwgnasuuess in vitro 193813 O-

mangostin  Mkenlausgns Anran snaaeullosiunuings ol-mangostin Tinaduganis
LUsRTatgaduzS s SKBR3 flinaifufediuiildfinw 910 crude extract wad

gsusavu Tudeuuseann 2554-2555 M fugidelasusuatuanunisfininnisldans
. q' = v ' s & a a =~ a )
Ol-mangostin ~ Aiasdnludurisqvewasuzisaainuatsvila (10 ¥ia) Wisuisuiuen
& a a ) I3 ' & av Yoo ) . v LA
uzL59tnnnee iensiaulueisdely aziulinanlad1miuas o-mangostin lagnse
wsaneldlssuiisuueialunsveassiumaavatsyiinlnginiz fuuziSanld (CACO-

) wazlwadugSuamuuu1swda (MCF-7), (MDA-MB-231) LLazT,mmmsaﬂﬁqwéﬁlé’waﬁﬁa

WeuAueNlaciige $1891UNANUTENALAAINAYRY Ol-mangostin - 31NTNARAILITAAN
tumor growth Wag lymph node metastasis luny dawanuiniuilungunnziidednuly
1y BALB/C 4aninaas crude methanolic extract fidmaulunisanvuiavediounzisald

(NL-17) #1113 transplanted lunylsinad iWusisnuiidaau Jeemstludgnisfinsgnenu
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aldnelunynaaas feil
2.1 Anwrasun1sainuNzsadtd (in vivo antitumor activity) ¥04a15U3gw5 (woav
wuslnafuans; oi-mangostin) ludninaass iWisuiisuiuendagUuinldsnulsauzisa lng
nsvaassazynsneassluszuuilineveasslinanainals crude alcoholic extract
2.1.1 MafnuiRzguansiuuzsalaen1s8nans ol-mangostin 1393184
o a A o j% v < = . -d'
wagsiiuanfdausll lnsagnaasinisiuuzisuievouars o-mangostin N9UINLNE
nsUssgnaldiundniagionsivinsiandululasenis
2.1.2 MFI95¥6AU gene expression voslUsAuiedesiunalnangsueenis
AULELSI9U apoptosis (Bax way Bl Hu) Aanauen RNA anTuillovesdninnassildans
Ol-mangostin wag@nw tumor marker; cytokeratin 1nald33 real time PCR @uifeniu
Bnsidnwlu in vitro Tuda 1
2.2 Anwrvunity (toxicity) v¥89a15 Ol-mangostin Ine@nwiluny BALB/c (Wisan

uelulasanisn 2) weludeyalunismaasanisiuuzseluny BALB/c vwniilddnuas

diunisteu waziiedudoyalunisimuindadaueionmsidians o-mangostin lulasensi
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3 wazludeyadmiumsldlulsausiiwaznsdesiusassnwinneisiinludiu waznnesiv

<
bbUN

3. NUNIUITSUNTSUNNEITDY

=t

A

e Mangosteen
YoINYIA@RS  Garcinia mangostana L.

Y919 Guttiferae

18



ANUNNUAENTTUNITITULIYIR

ANYULNINGNYANERAS

Bulsffudugassana 10-12 was yadruondindes Tuifer Bomsaiu sulivie
sUFUNLTOUIUIL N33 6-11 9. 8717 15-25 au. diplunuiuazaoudrunieandonils
visluandanuiu siesludseunin reneieldugeeniiventlulnduass auysaline
viousnina ndudesdidetenmides ndunenduns i naliunaan Aeudrenan (auulng
gy, 2502) dwdfld 57 vilses e uanmauUng Snwlsadayniden, du Snuilsada
yniden, Wasndu geasuinuEa snwuaa, Tu Snuilsalayuniden, aen Snwilsalnyniden,
HARU ALNULKE WAUIALNG WATI3a9, Wiaenwa uAukatdunues wilkados whdnynien
(aagulwsﬁuﬁ’m, 2542)

29AUsZNOUNIGLAL

Usenaunie xanthone, mangostin, tannin, chrysanthemin, garcinone, gartanin,
mangostanol, mangostinone, vitamin B1, B2, C (agulwaﬁuﬁm, 2542; Moongkarndi et
al.,, 2004) 1UuAu

anSmandyIngn

mi%’mLU%@HﬂQQWﬁQ%éﬁWUL%@LL‘UﬂﬁL%EJ, Fudesn, Suduoulws viral reverse
transcriptase  Wag HIV  protease, ﬁﬂuLG‘tﬂgjjmﬂa’lﬁ'&J, WAYIBLAY, MU histamine, #1u
serotonin, ANNITONLEUY amm'il,ﬁmLLN@I‘L!%NL@U@’]W% E°JJ‘U§QLau1‘>'Uﬁ DNA topoisomerases |
wag Il, Juiveyyadase FupeNTady, Suuziss, Wiuausuladin (aaguiwaﬁuﬁm, 2542;
Moongkarndi et al., 2004) Wuduy

m53deluvssdlng wuiansadanenu (crude extract) anwdsnisneiiadngie
methanol  @13150115E UNTRUIEIvDLasUzISduY (SKBR3) Tasilan ED5O0 fina
dudu 925 + 064 po/ml FuAerdesiunszuIunis apoptosis 1EATIVABUIINNIT
WasuuUasgusveswad uananiiedinnidumaiaujatensendndu (antioxidation)
sudanstudansiiin Reactive Oxygen Spicies (ROS reduction) 8naae (Moongkarndi et
at., 2004)

Mangostin

Huansngu phenolic compounds #anils Fseyfusues xanthone Hidemanil Ae
1,3,6-trihydroxy-7-methoxy-2,8-bis-(3-methyl-2-butenyl)-9H-xanthen-9-one 30 1,3,6-
trinydroxy-7-methoxy-2,8-di(3-methyl-2-butenyl) xanthone (The Merck Index, 1996)
wazdauadu O- beta wag gamma-mangostin G?Tuﬁw;dlmuﬁﬁﬁmmm hydroxyl (-OH)

Aananslugui 3 (Matsumoto et al., 2004) TusnureIgNEMIANEYINGINUTT Ol-mangostin
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ansawmieninisin apoptosis 84 human leukemia HL60 cell line Tngnsgdussuy
caspase-3, 9 lululnsrouin3e §9m579n151An apoptosis ImaamﬂgﬂiwwmL%aéﬁm?ﬂ'aulﬂ
LATAIIN cytocrome C/AIF fignuanudeeenin 91nnisnsivaeulassaisvanifidusius
AUNTEUIU apoptosis WU’j’lﬂ’]iLL%uﬁ%yj methoxy (H3C-0-C) lpevig hydroxyl Wuitan
AMNLTIRY1eHBdATY (Matsumoto et al., 2003); antiproliferative activity, antioxidation
way induction of apoptosis #8 SKBR3 human breast adenocarcinoma cell line
(Moongkarndi et al., 2004 (a), Moongkarndi et al., 2004 (b)) uaﬂmﬂﬁé’aﬁqw%‘(é’ua‘y’ami
iauveaoulil sphingomyelinase  vlvinseAuUN154An apoptosis  vodLwad nsduda
N3¥UIUN154AN oxidative damage o9 LDL Tuuywd, n15180u competitive antagonist 84

a

histamine 71 H1 receptor LLazmqﬂ‘ﬁgﬁmL% Helicobactor pylori (likubo et al., 2002) 1Ju

AU @150 Ol-mangostin AN13ANEINUIIAINNTASUEINITASTN prostaglandin E2 1aadue

s
a

n1sviauvateulsd COX-1 wag COX-2 NANUTNTY 0.8 kag 2 pg/ml auady, dgn

Doy

1o methicillin-resistant Staphylococcus aureus (MRSA), ﬁt:]‘vfé antimalarial Laggnd
114ma€fu€?uau1€dﬂ monoamine oxidase (Nakatani et al., 2002) Wan1SAN®INIG in vivo
YDIE1TANA LAy Ol-mangostin ﬁﬂ’]ii?ﬁﬂ’]ﬂtﬂﬁﬁ%ﬂ%ﬂ T,@mmmswmamuasmiﬁmﬁ
wAne9iY (Doi H et al,, 2009; Shibata Ma, et al., 2011; Kosem K et al,, 2012)  usindl

ey

Anw1nsITedinsieiivoyanidinemansinequindulunisinanlivnneedin

4. s2fauiianfiumsive afiausl’)

4.1 lasunanisiasaneud@niideludninaass ananznssunismiukazgua
ASLUERT AZINFUAIERNS UNINYIdENTARS NUUANITANBINIL modified protocol Vo4
Gupta et al, 2000 and Holland, 2004 LLaﬂé’%'Umgﬁamﬁ{fﬂiué’miwﬂaaaﬁ Kyushu
University ﬂizmmﬁﬁu

4.2 Fnwanudufivuesans O-mangostin lu BALB/c mice salagnisanintes

7194 kAN YMNI9UIN (BIeinTuanausll)

4.2.1 nMnaasuAuldufivues Ol-mangostin fe3sanN1Yoevios lagld

| av ¥ o = v v ' A
da15viun1sazaneflainnisnaassdnwinnliinnizan (dasdivazarsfe 05 %
hydroxypropyl methylcellulose; HPMC) aguuia 0, 50, 100, 200 waz 500 me/kg body
weight gnasvnatasiasiuaz 1 asaduna 7 Tu lneudwydungunguay 5 d wdawnnsde
Assaavneiunan 24 Halus nugniaimtinuagyinisdiieivedizniglulaun siila Yon

fu 1o wazsiny
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4.2.2 n1snagauAuduiivves Ol-mangostin sia835n15UsunisUn
a15a%a1 O-mangostin 14 0.5 % HPMC finnududusing 9 (50 — 500 me/ke body

weight) gnleunisuiniuas 1 asaduian 14 Ju

4.3 nsfinwgYsves Ol-mangostin ﬁiamié’ug’mmﬁmﬂmLsziaémt,%fﬂwg

4.3.1 myildmaassiie BALB/C mice azutanyesanidunguqineg wivuivad
\fednwad NL-17 cells  (10° cells/mouse;  Thiuns@nwild  left footpad wsaIn
Uszannisalsenldaadisudnvesyisany

4.3.2 Fowwad NL-17 cells (1.5 x10° cells/mouse:; ﬁiﬁﬁ’mﬁmmwé’wg
wuzihlvanusnamsadomnwa) W 3 fu WﬂaaqL‘t’jyaaéful,ﬁamaﬁ]@m’mﬁﬁL%ﬁmaqmi
Anrunvesteunssaiintuldiivunelndifoiu

4.3.3 11n1152A@15 Ol-mangostin 2ALU19939M 04 (intraperitonial
administration; i.p.) NNENdsEAWASNZISS 3 Su faevwInen i 25, 50, 100 me/ke body
weight, 200 Ul /mouse  (wwaiflddiFaainnmsideisusunouinldnauazusuasuile
ﬂimﬁumﬂwalﬁ%méfnﬁlﬁ) Wuaan 14 Yu ﬂEjiJﬂ’JUﬂaJaﬂEJ’] 5-FU  wu1m 10 me/kg  body
weight

4.3.4 ¥nsteudns ol-mangostin NMenAsanTadLIEa 24 vy, (Ideiiy
Mnfiauevenuld) Mevunngiieg 7 25, 50, 100, 250 me/kg body weight (WA
Fonlddesuasuiievszifiunnnanudufiviildnaannsing) Wunat 14 Fu ngu
muqmamm 5-FU wu1m 20 mg/ke body weight ﬁ]'}ﬂﬂ’liwmaaqaqﬂdwuﬁm Ol-mangostin 7
198oum® 250 me/kg body weight

4.3.5 A19NANN 2 TU UagAIWIn Median survival time (MST) uag life

span of treated-tumor mice suawwﬂmju

Antitumor activity (%) = [1 - (treated tumor mice /untreated tumor mice)] x 100

Increase in life span (%) = (MSTtreated—tumor mice/ MSTuntreated—tumor mice) x 100

YUIAVRINOUNTI UIMtNUazNgANIIUNITAUIMIT gndufinnn 2 Ju Yu1nves
AounzSakanadulsuns (Volume, V, mm3 ) AU A1LEN7 (Length, L, mm) wag
AMUNTIE (Width, W, mm) anuaunis V = L x (W2/2)

Sacrifice MylAEN1IANYT LLLEOA FATULLBLINDYIN NTATIININYITINGT UALANT

wenana RNA Tun15m379 gene expression M4
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4.3.6 Useidiuarveanalngly one-way analysis of variance (ANOVA) uag

Student t - test. @1 P < 0.01 waz P < 0.05 Wa138U1 statistically as significant.

5. NaN15798

5.1 N15IA38U Ol-mangostin dusun1snagauludninaass

Ol-mangostin L‘flumﬂuﬂeju xanthones %ﬂﬁ@mauﬁa@u hydrophobic compound ¥

bl,ijazmsﬁ’l mMsAnw sl 0.5 % HPMC (hydroxypropyl methylcellulose) Juivia

avane MIvaaeandiiugndl ol-mangostin amusngniws el uasavaeIkuy suspension

ladee HPMC Tuvasildaninsoasanglalud daandu 5UN 1 wasmsvnaedanuiiniy
Wutugegauas Ol-mangostin awnsagniwieulanssdu 50 melulsums 1 mlves 0.5 %

HPMC n1sia3ey OL-mangostin lu HPMC fiesiiutu sing 9 W avgnlddmsunisianises

a v

VioaarnmsUaunelin “d191NMT sonication Ngamnivios

Y

gﬂﬁ 1 Mawseu Ol-mangostin Tudmay 0.5% HPMC

5.2 nmManadauaMuduieuas O-mangostin #28353aN1evasiag

Ol-mangostin Tu 0.5 % HPMC 71nNuudufg 9 @ 0, 50, 100, 200 wagz 500
me/ke gnanvneteariosiuay 1 asaduvian 7 Ju lneuwdwdungunguas 5 &1 wdinnisdn
g b4 < 1Y) S g o 1 dl' [ [ Y (Y
Assgaveiunm 24 Falus vugndsdmilinuagyimseiiveiveTenzaglulaun ila Yen 6iu

19 wagsnu

22



o

Neet | @NUNIIUANEATIUNITIVY AR

NANINARBILAAIlTLIILIY UInlnsenienyfigndnaag Ol-mangostin AN

Y

Wy 200 wag 500 me/kg Huanasegiitduddnlunsiasu dnuvazaiguennuImuiionnts

AnunfAagnaniuladn fe vuss 999n5swman H3WEes wansl1 Ol-mangostin gNARTUTNMLAY

¥ .

awnsnemdidugedimuimyiionmawesty dwSunyiaanie Ol-mangosti

Y

n YWIAEI 500

! = o o o a  a & o o a & A
mg/kg WU'J']“HG]']EJQQ 2 M7 910 5 fINANNRAALNEN 1 ﬂiQLLagﬂHVJﬂm'ﬂ@qﬂﬁaﬂfﬂqﬂﬂqiﬂﬂﬂiﬂw

3 dmTUN3AA Ol-mangostin dMTuAITNTU 50 — 200 mg/kg WUTWIUTBAT I NFINERN

nsin 7 T winguiidamerudiudu 200 me/kg wuiniminsuneruanateaiuladauay

Woaresioanuinin1snnAn9wes Ol-mangostin vuiiuRiedvizn1glunasfmuineioay
mMelusing 9 Fdaauwardudiiuludeuluguuuuiiaunfunniiinyidadae vehicle
(0.5 % HPMC witewdlu control group) 81eAIUAY JUN 2 daluanudutunuaendedmsy

2V

wlumsAnuaydAnun s yuetaiuzsinIiay <100 mykedmsun1sianiseies

Control mouse 200 mg/kg OL-mangostin

JUN 2 uansnmeTeiznngluresiosamynauaiuntlasnungundn Ol-mangostin

ALLTLTY 200 mg/kg
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39, | o o av i a
NRET | @ UNUANENTTUNTIVYLLIAIYIN

M19199 1 F1UNYNTEATIANAIIINNTIAA Ol-mangostin N9V

Ol-mangostin (mg/ke)

n1s3nASai
0 50 100 200 500

1 5 5 5 5 5
2 5 5 5 5 3
3 5 5 5 5 1
4 5 5 5 5 0
5 5 5 5 5 0
6 5 5 5 5 0
7 5 5 5 5 0
Tugaving 5 5 5 5 0

[ ¥ A

Jugaving e nileiundsainda Ol-mangostin Metesvinnisgavine \Wutuntuswiumyi

q

500TI0 NeutIlmiinseneuazavy Weiumegiudonuaveieiznely

M1519% 2 MsFsulUanimingaNenYnarINNIAA Ol-mangostin N4Yevias

OL-mangostin (mg/kg)

Msanasadi
0 50 100 200 500

1 189+03 184%x10 192%x07 185*05 175%12
2 196+*08 175x12 181%X08 181%x09 169%11
3 189%*05 163x17 171%X08 167x05 152%00
4 196*05 175x13 178%X09 161xX05 -

5 201t06 176x14 183%X06 157X07 -

6 198+08 178x10 183FX07 155+x10 -

7 199+08 181%X1.0 187Xx06 147X13 -

Tugaving 200x07 172Fx11 183FX05 143%21 -

[y

Juaaving Ao ileIunda1nda OL-mangostin Mnetasvipsnsaanving \uiuiituduumyn

590730 Aeudnininianieuazamy WatAuseg1udentazatutznialy
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1 1 [y 1 %
A 9 WU 92821981 7 U NNNT09N199

PR Ol-mangostin (mg/kg)

(g) 0 50 100 200 500
la 0.11 X000 0.10%0.01 009001 008E001 -
Uon 0.16 £0.01 0.13%+001 014%£001 012FX001 -
$iu 1.07£005 088+013 106%X008 078%X020 -
I 027+001 023%X001 025%002 023%£004 -
EXb, 010X 001 0.11%X001 015%002 008X004 -

53  nsnagauaulliuieuas O-mangostin Ale3snstaunisuin

a ada

msteunsunifudnituisfiag@nuanuduivludninasesarsazars  o-
rangostin 14 0.5 % HPMC fiauidudusing 4 (50 — 500 me/ke) gndaunauniuay 1 ads
Wuan 14 Ju mﬂmsé{’aLﬂquaﬂsiumauaﬂLLagﬁvmﬁfﬂiNmawudﬂajﬁmmmeshq
seyanyiiteu Ol-mangostin wavmynauAUANtau 0.5% HPMC maeaszazaINSNAGEY

v IS a

E’Tﬂwudwmiam%‘immﬂm wazdnistiudvdn $19nneaunuUnR  uanand

q

[

glanuaay

1 ?)I Ly Iy I | I3 v I3 Y] 1 = A W [} & al
uenEUasiinueteiznely uieg1dlsAnulan maiAueddenieInseauLeulei
Usmsyhanuresiulaglafiniy wamsnageuaiilduiie 983 O-mangostin Naumaun
Hunandliiiiudn o-mangostin fanuduiiviiosunn Wewinwydadl 01n15UnA amnsany

gnsiazt i mdns wneiadumunaeiunAv s i uynguaiuny
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a o A aa v .
19190 4 mmumwiammwaqmﬂmsﬂau Ol-mangostin N19UIN

OL-mangostin (mg/kg)

mytoundsi
0 50 100 200 500

O o0 N o0 0 BAVLWODN -

e N Y
w N - O

14

(O 2 B O 2 B & 2 S 2 G S S O S G G S N O G N G|
(O T 2 B O 2 N S S S G G S N O G N O
[ 2 T 2 B 2 S N A S S A S G G S N C A G N O |
(O 2 T O 2 B O 2 S 2 S S S S S S G S O G NG|
(O 2 T O 2 B O 2 S G S S S S S G S O G N G

Tugaving

Jugaving e ileiundsaindeu o-mangostin MUnAsIgaving WWuTuituduumyd
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M131991 5 Mavdeuidasiningemenynaninnistdeu Ol-mangostin 119UN

OL-mangostin (mg/kg)
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1 180%X09 17.7x04 180%X10 186x14 185X 08
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3 176+07 175%x07 170x11 182FX16 182% 1.0
4 18208 17.7*x07 173x10 177X14 173%09
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6 18508 178%x08 178*x10 187*x11 185X 06
7 188%*06 178*x10 180*x08 187%x12 190X 08
8 189%x07 180x10 183%X10 190x11 189X 06
9 188+08 183x07 182%X10 189*11 187X 07
10 186%X07 180x08 186%X1.1 193%+13 189FX07
11 188X 06 184%x08 187%X12 195*x15 192F%06
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13 194%x07 187x05 194%x11 200x16 199F%07
14 191%*06 186x05 193%X10 203%*x19 201%08
Tugavng 193+06 188+09 1901F12 199%f17 198F08
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A157197 6 WIsuiisuimtnueseivizaglunaannisteu Ol-mangostin U

a Y v < Y
NAIULYUTUAN € Wuan 14 1y

9787 Ol-mangostin (mg/kg)
(9) 0 50 100 200 500
e 010£001 011%X001 011X001 011%X001 0.11%0.01
Uan 016 £0.02 0.15%x001 016£002 017001 0.16*0.02
$iu 1.06£0.13 099%£008 097013 1.03£007 1.21%0.20
I 0251002 028%003 026£002 028001 027002
EXb, 0.10£0.02 010%X001 011X002 0.10%001 0.10%0.01

¢ v % -
5.4 N3ANIgNEUBY Ol-mangostin AaN13EUEINTTAZYVBITASNLITITUNY
=4 . 1 v & a 3 < Pt
5.4.1 gV59849 Ol-mangostin AaN1sdudInIsiaTyvaawadusTslunynlilag
A152AN19VB9Y1 04
MIfNWIgVBEUEINSITYULTadLS nasannIsUgnwaduissaldlvg NL-
a 6 ' o  a va o o § va a o X
17 cells Usuau 1.5 x 10" cells Tunyusiazdusnalaiimia (wusdilviaausiumaugos
. . I [y a 1 a i < a &£
Y9YNa subcutaneous inoculation) 1Uukian 3 Tu a3 LieginUSunaneuuiTuinduly
PUANINALABIAY AAEIS Ol-mangostin NANILTY 25, 50 wag 100 mg/ke NeTaiasiuay
g.JI o v 2 3 o
1 a39 Wwnan 14 Ju auavedeunnsgnuanadulinnms (Volume, V, mm ) Auiaann
AMUEN (Length, L, mm) kaganumng (Width, W, mm) suaunsasaluil
V=1L x (W2/2)
& 1Y) v 9 & Y A H v a
wennil Tufugavnevesnisnaaesiounsiiazgninesniiiaiieutinnini

1 ! 1 & o = P = !
UUBUISHINNGH LASNUN -80 DALY LW@IﬂUﬂWSWWaGQSUﬂ polu

fi5v89 Ol-mangostin AiansEugIMITs fyuaavas s R Inemsaanneyas

Y o
NNSNAABIAIMN 1
NMIAYNTUNAIINNITRAA Ol-mangostin FUFUFANTNARBINUIINTNUYUIA

YodfouNtsIt1aslunynauida a-mangostin MmN duALNTUNNTY Tuiugaving
[ a . Y o a (Y] a U I~ 1 PP

M99INM3AA Ol-mangostin lavinsiisuiuUTinesiausssiunguamuaNnan 0.5 % HPMC
& 3 Y A o oA Y v

Wity (799.7% 105.3 mm” ) nufiuuzsadledn O-mangostin Miesndudu 25, 50 wag 100

me/ke TU3UmTANaY 3.7% (770.5% 171.8mm’), 25.7% (5938 + 783 mm’) uay 47.4 %
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Y

3 o w ¥ ° o 3 o v Y] v Y]
(4202 £ 921 mm” ) suaneiu wenanddvinmanuiasdaimindeutzissuiuganendsain

389 Ol-mangostin A5 14 Wuan 1 T Weiumedallo@onzise dmSunsveaeudu ¢

sely WawSsuiieudmtinvesiounssaseninmuynguauaNiunynguida OL-mangostin wu

auduiustudeiumaSsudiieudsinsueaiounass dmiinvewssinguniuaNgvign

AD 0.498 + 0.114 NSY wavanas 2.6 % (0.485 + 0.166 5 ), 20.1 % (0.398 + 0.084 NTU ) kay

41.6 % (0.29 + 0.070 N3y ) Wedn O-mangostin Ainvududu 25, 50 uay 100 me/kg MEWU

1,000 -
. --x- 0mg/kg
— 1 —&— 25mg/kg
mg 800 ] --O-- 50 mg/kg
é 1 —@— 100 mg/kg
@ 600 -
£ ]
=
S 400 |
z ]
o
£ 20 |
[ ]
0 ‘
0 5

Days

15

JUM 3 rssiiaweeaES s NL-17 colon cancer uyyusiaenqafidn Ot-mangostin 7irrmdadiume 4

1,000 -

800 -

()
[ ]

[ ]
ele

600 -

400

Tumor volume (mm3)
°
 Coe oo

200 4

0 )
0mg/kg 25 mg/kg 50 mg/kg 100 mg/kg

Dose of alpha-Mangostin

Tumor weight (g)

[C ]

0mg/kg 25mg/kg 50 mg/kg 100 mg/kg
Dose of alpha-Mangostin

{ % 3 5w
JUN 4 WSsuiieuvuneveaiauuss NL-17 colon cancer 91nU53nAs (volure, mm’) wagtivin

(weight, ) Tumyusaznauna N Ol-mangostin NiAudatusing 4 Wussezna 14 Ju
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25 mg/kg
O-mangostin

50 mg/kg

£
=
»
o
(@)}
c
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£
=]

100 mg/kg
O-mangostin

Mouse no.1 Mouse no.2 Mouse no.3 Mouse no.4 Mouse no.5
UM 5 WRsudisunnavesiouzgs NL-17 colon cancer luvusiaengama @nda OL-mangostin

a v vy < o
NAMUVLVUA 9 suszeeIan 14 Ju

V5Vas Ol-mangostin Aan1sdugenIsasyvaTasusslunyilflaenisia
N99099109

& o
N1INADBIATIN 2

AN3AAEIS O-mangostin NANUUNTY 100 meke Msvewisaduian 14 Ju

=] <

wuifeu unsadlvuimdnnitdeuniiweamunguaiuauiidadmie 0.5% HPMC  agadl

v o o

WodAny Tugavineves N15meass Ysums (Tumor volume) wazt win (Tumor weight)

1RABYDINGUAIUAN AB 969.9 + 194.3 mm’ WAz 0.725 + 0.187 ¢ luvaiziivynguiidn o-

mangostin SlU3inRsuaztnTnuesieunzisfl 363.6 + 109.4 mm3 uaz 0.326 + 0.144 ¢

o
v v

Falvignsdudenanimmyidn 5-FU 10 me/ke Tugnugeunnssgiudadiviuinsiounsisuaded

1%
a o

906.4 + 398.4 mm’ uazimiinAeunzi3aeded 0.674 + 0.285 g Asluguil 6A uay 6B
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WawSeuieuUSunnsvesnoutilionsise o Jui 5, 10 waz 15 AUUSuInsAouLauzLse o
FUNMSNAUDAENT O-mangostin JINTIVEARAIUUTHINT (Tumor volume ratio) MLANTUIIN

U v d' Y & LY ' a 14 2 o a X
JULLIAN Nﬁﬂ’ﬁ‘ﬂfﬂ’d@ﬂﬂﬂgﬂ‘w 6C LangliAudnaIUUSUINSUDINDUNLLS LN UER 40.6 +

Y 9

[ '
= o

22.5 Whlunyngumuau @uvynguidn d-mangostin NudnauUsuAsNTLIER 12.7

Y

+4.8 Wi luvauevnyngudn 5-FU  wumsuiiuaiy 27.3 = 11.4 w1 ileiSeuiigudadu

Uumsvasdounziie s 3 nguluiugavinevesnisnaasinuivynguda o-mangostin

q

(%
LY Y]

anunsadudans 1wigld 68.7% luvaziinunguide 5-FU Sudinisiasaueaadusisle

Y

32.7% Walleunaunynguaiuny  0g1915AnuN158A O-mangostin NsteaYinavinli
Umins1annenyanas 11% wingfnssy ateusndsunfvazlainunisandnewss o-
mangostin  luteias Fudutrsanududuiivasnde waviluszansamlunisdudenis

WwSeulnvesraduuise
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2,000 - 1.20 -
] 1 o
= 1.00 - o
€ 1,500 - o ) o
g + 0.80 -
o ® 'go ] 8
_§, 1,000 - o g o060 - @) o
Tg ] 5 ]
5 ] ® ) £ 040
€ 500 - E |
2 O 0.20 - o
0 0.00
Control ‘ Mangostin ‘ 5FU ‘ Control ‘ Mangostin ‘ 5FU ‘
‘ 100 mg/kg ‘ 10mg/kg ‘ ‘ 100 mg/kg ‘ 10 mg/kg ‘
A B
1 [ econtrol 27
O 100 mg/kg Mangostin 0
o 40 (] 20 1 6 oc0Copmo cogQ
E © 10 mg/kg 5FU @ o 8 ©0 000 o © ©©°
£ 30 £ 15 -
3 @) 20
s 2
g 20 A % 10 -
£ o
2 10 4 6 © @ 5 ] @ Control
0 o © 100 mg/kg Mangostin
o O ¥ ; ; 0 O 10 mg/kg 5FU
0 > 10 15 0 5 10 15
Day Day
C D

5U# 6 915U O-mangostin Nllagn152ANIYRWIBY

A: Wisuileuusunns (volume, mm’) vosfiouuzslunyndannda 100 me/kg O
mangostin wag 10 me/kg 5-FU Wusvevinan 14 Tu

B: Wisuileuimin (weight, o) yofiouNz S lunynaa91nda 100 mg/kg O-mangostin
way 10 mg/kg 5-FU \Juszeziian 14 Tu

C: dnauusunsvesiounssa (Tumor volume ratio) Tunyndsainda 100 me/kg O
mangostin Wa¥ 10 me/ke 5-FU i Tufi 5, 10 wae 15 WieuduTuiiSuduinas o-
mangostin

D: dwitinsenevyludaz fuseninnisnaass
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5.4.2 qVis¥as O-mangostin Aan1sdudiNsasyuasaRu IR nems

Yaunmaln

nsanwllansIaaeulszdnsnIness d-mangostin AaN1SEUTINITIATEYLAULR
YeugaauzseaIsnsUounialin msAnwanuluivneuninil d-mangostin 1A

Y Y

WNTuas 500 me/kg lifinasianisiuasunlamiessinmenasngingsdlag dsulunimeass
H13udenld o-mangostin fAULTNTU 250 mg/kg Liosanazaislu 0.5% HPMC ladnan
dmiunguenatuauld 5-FU 8111935119010 20 me/kg auunaeniusudmiuldlounis

41N

Nan1sneaedrien1stau o-mangostin Wuwvian 14 Tu (5UM 8 waz 9) Tunyuans
TudldnuanuwanasvesUsuinsuaziminvesieunssulofisuiunynauriuaud

Uau 0.5% HPMC wintiu dslugud 8A uaz 8B Usumsuariminvesdeuuziisluiuanyine

YosrynguAuny tnedvliseudisuivannsuduiuisnvesiounssaunnaeiuluusiay

nds A9 1,104.9 + 324.1 mm’ uay 0.728 + 0.342 g MW wynguiitleu G-mangostin
fifouniSeUsung 1,148.4 + 305.7 mm’ waztmiin 0.792 + 0.286 g, drumylunguiitiou
5-FU difounziSsvunaidnnitngudu « egnadaiau fe Usims 7504 + 330.8 mm3 uag

Ymidn 0.546 + 0.277 ¢ MUANY

Souansandudndruuiumsteunzisslunysenineuaavhouas uusnnuiiny
naumuAudinuIndnd LU TRsTu 36.0 + 10.5 i, ynauiitou o-mangostin L
324 + 10.3 Wi wagnynguitteu 5FU Tdadiuuiinasifiundios 23.3 « 12.0 wih 97067
dndruusuinsuesieu uniwwomynaaznguiisuiungualuauuansliiiiuitans o
mangostin 7ideunatinanunsa SufinmsadyvenvadusiSeld 10.0% du 5-FU Sqns

1%
LY Y]

gudila 35.3 % PAOATEYZLIAIN1TVAAEAIY N15UBU O-mangostin linuNanTzNUse

1% £
o o C

s1nele 9 wgfinssunieusn wu nswdeulnd N3 Uslnee kel dwumingnenie

Laﬁasuawwwiazﬂajmﬁlﬂ LANAIAURADANITVIARD
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2,000 |
1.40 - L o
) 'Y ® — 1.20
E 1,500 o og o
E £ 1.00
: s & £ °
5 0.80 ®
2 1,000 @ o 8 E 6 @)
2 . o © 0.60 9
o ] g ] ® O 8
g 500 2 040 - @
a 0.20 -+
o - - 0.00 :
Control Mangostin 5FU Control Mangostin 5FU
250 mg/kg 20 mg/kg 250 mg/kg 20 mg/kg
A B
>0 @ Control 25 1
© 250 mg/kg Mangostin
o
'ﬁﬂ'o ©20 mg /kg SFU ® AZO’BQQQGOOQQQOOGB
£ O X
E 30 %D 15 -
3 3
g 20 c % 10 -
E ] o 3
IE 10 5 ] ® Control
1 ] © 250 mg/kg Mangostin
0 > 10 15 0 5 10 15
Dav Day
C D

JU# 8 9n5ve9 O-mangostin Allagn1sUaunisin

a 3 1% Y]
A: Wisuileud3ums (volume, mm’) veafieunzisdluvyndsaintieu 250 me/kg O

mangostin kay 20 mg/kg 5-FU 1Husyeziian 14 Tu

B: wWiguiiieuimiin (weight, g) vosAounziislunymndaniniou 250 me/kg O-mangostin

wae 20 me/ke 5-FU Wusveviian 14 Tu

C: dnduuSumnsvesiounzise (Tumor volume ratio) Tunyndsainteu 250 me/kg O
mangostin Waz 20 me/ke 5-FU i Uil 5, 10 wae 15 ieuduTuiiSudutlouas o-

mangostin

D: dmitinsenevyluudaz Juseninnisnaaes
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v & A <
N1FYDULUDILYDUSLI

78N1394 Histochemical stains  gnldiitodunanisivisunuamnang1ding1ves
\HaidauziSmasniivg BALB/c filasunisdnenlnenisdondae Hematoxylin and Eosin
(HE staining) Hematoxylin @11150801 DNA , RNA uwansliliiudiasdasanizuiian

| [y

fuadeauay Eosin - aunsaleusedulusiunanlimiudunsnsedvuylneanizusion

Y
aa o w

cytoplasm  #ia5U#l 10 fedgnsiiiiddwens x 400 wianunsawiudamded (@x1a9) waz

cytoplasm (F¥uy) vedusaziwadlaog 19

NaN13AN® HE staining linuanuuwandssznitailolonsisannuunguaiunu (A)
LagNYNGNNTA O - mangostin (B) faudinvuinvesieunzisaveaaiuegslidoddey n1s
gauA18735 COX (Cytochrome C Oxidase) wag SHD (Succinate dehydrogenase) staining

gnyinieianisvina1ues mitochondria Feenadsuudasiy

58U Cytochrome C oxidase %58 Complex IV W@y Succinate dehydrogenase
%39 Complex Il 989 electron transports chain 11 mitochondria YDILTAAULLTI019
\WaguuUas oxidative capacity wasandnen egnslsimundsainnisdounasdunanield

v ¢ o | i ' & X < i
NABIPANIIAUNIAGIVYIY x100 wag x400 imwummummﬁzmwLuawamwwawyﬂqm

AIUANLAYNENNIAITY OL - mangostin

& Y @ | a a o . . 3 <
mwlmaaauuamﬂ‘mmm’lﬂizamsmwmimmu mitochondria iumaamzmﬁuawy

' Ay vo 1 | (9] v o a L3 I A v
nauAIUANLaznauntnsuslluanaiy nsfudinisiasyueseadussdunynlasu o -

. v A A v = i
mangostin o1aldnalnauiisdesnisanwiaely
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A. Control mouse

B. Mangostin-treated mouse

C. 5FU-treated mouse

x100 x400

1'%

{ g { a . 1 i
JUT 10 n1sfaanilalionsi3aiae3s HE Stainanfousssevasrynguatuau (A), nyi

an mangostin, (B) tag m‘.}ﬁaﬂ 5-FU (O)

38



ANUNNUANENITUAITITELAIVIA

A. Control mouse

B. Mangostin-treated mouse

C. 5FU-treated mouse

x100 x400

D.

JUN 11 msfaudiialianziienaeds COX Stainainfiauuzissvasnynguaiuny (A), nyi

8n mangostin, (B) uaz uyiida 5-FU (C)
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A. Control mouse

B. Mangostin-treated mouse

C. 5-FU-treated mouse

x100 x400

]
=

JUN 12 nsdaniiaiBausisesiaeds SDH Stainnnfounziievasnunguaauau (A), wyd

14

8n mangostin, (B) uaz uyiida 5-FU (C)
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5.4.3 NMFUTSUUANYATNVDY Ol-mangostin ABNISUAAIDNUBY Bax waz Bel-2
mRNA

Usziliufnen mued O-mangostin #oN15u iy 0anU3aue9siu MRNA 84
SufiAeatostunisaeveusaduziseuuy apoptosis Ao Bax uaz Bcl-2 Tngld35 real time
RT-PCR LUy one-step method 7INISMSIVNITHENIDDNVDY JU Bax, Bcl-2 %qﬁﬂﬂssﬂmm
N5EAUAITLERIBBNYBITUAINEY AAduduiusiunisaevensasuzselagnsEuIunIg
apoptosis (Ferenc et al, 2010; Lee rt al, 2012) uag uaﬂ’i]’mﬁdmiwmaamzﬁumi
LERID8NYDITY CK-19 FeiinsAnuiteldidu molecular marker msUsTnsARLz Gy
ilaBeiingaa (Saloustros et al, 2011; Uawisetwathana, 2007) Ing@nwiUsuay wag 35015
1#5uan3 G-mangostin ~ sievy BALB/c finafunisuanioenvesiufsnaiiviels ddlu
TasamFAdeAdnuiludil 1 Innasdlumaduzids 10 v wuirfinanseduniaiin apoptosis

A o9 v ¢ < PR = & o2 a0 A & <
LW@WWI“L%ﬁaN%LiJ@WULWMTJu LAZAANIILEAIDBNVDY 81 CK-19 YUUUSUUITNISLUUNLLSS

(%

msidelulasanstl dhfeuilousiennn vy BALB/c fivhnisneaesquiues o
mangostin Giamsé’ué’jamsw%ayuaaLe?jaa‘mL%ﬂ"lwg (W99 5.4, 5.4.1 4ay 5.4.2) W1@nm
total RNA Tnsviagoufiouilonynnaes filsars o-mangostin tW3suifsufunislienilagsu
ld$nunzise fie 5-Fluorouracil (5-FU) Taeins@inunisnisisenluny 2 38 leua nslvien

1983501580 warlvlrenlaeisn1steu

feulloidouzisavaany BALB/c gninunadn total RNA lagldiSadauuy Tri-
reagent 1AAULTNTUYDY total RNA Tagnsinnsgandunanaiueg1iniiy 260 wag 280
nm &1 total RNA USHau 50 ng IMA@BUsEAUNITLAAIDDNYBITUA 9199 7875

real time one step RT-PCR sialy

Primers Alglun1snaaauininuannizaedu Bax, Bel-2 wag CK-19 578U R,

[y [

. . = . @ o a o X
microglobulin 4ty house-keeping gene LUUBUNINTFIU UAIAULUSAIU
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A9199 7 LansaIRuLUaURs primers Alglun1snageuiinud g Radu Bax, Bcl-2 way

CK-19 uagdu B, microglobulin

Gene Primers Ref.

Mouse-Bax 5’-accagctctgaacagatcat-3’ (Mizuno et al, 1998)

5’-agatggtcactgtcteccat-3’

Mouse-Bcl-2 5’-ttgtgeccttctttgagttcg-3’ (Agarwal et al, 1999)
5’-tactectttagtgaacctttt-3

Mouse-CK-19 5’-ttgagacagaacacgcctte-3’ (Uawisetwathana, 2007)
5’-geatcttgectaggtceaca-3’

Mouse-[3; 5’-ctgaccggcctgtatgctat-3 (Uawisetwathana, 2007)
microglobulin | 5'-tttccegttcttcageattt-3°

Fnsvaaeulaglddrunaudsunng 20 ul fivsznaudie 0.5 MeCl,, PCR buffer, 10
pMole ¥4 primer Wiagldu Lag tagq polymerase (GoTaq 1-Step oRT-PCR, Promega,
USA) wazindu wmadeusiinsiuauves DNA luieed real time PCR (MX3000, Agilent,
USA) Tngiuannnnsdansizians complementary DNA (cDNA) 1ag reverse transcriptase
ﬁqmmﬁ 50°C Wunan 30 ud udSudumou PCR Tnel4lusunsy denaturation # 95°C,
30 AU, primer annealing i 55°C, 30 uN7kay extention i 72°C, 30 3w WWusuau
30 50U lneudazseuiiniseuAd SYBG  FafiannuduusiuuSuiavedans DNA ﬁg]ﬂ

duasizrludunauvesuisen

An1vaaed real-time RT-PCR L4 SYBG lunsenunatiu & SYBG finmanddly

nM3iFednaniieviuiisendu luanaves Adwe aeg Welddvdataduufisen PCR el

aaa =)

nsdanssianefoueTuludluseusieg aesnsviufisen & SYBG azwluvihufisendu

a o 9 YV a a4 = o vy = & Ao a a
dUnLDULD 'V]"ITVTLﬂG‘Iﬂ'ﬁLiENLLaQ Gﬁqa']ll']iﬂmij"ﬂ?ﬂi@ Gﬁﬂﬂqﬂ"lilﬁaqLLﬁQV]?ﬂlmUUaﬂiﬁﬂf\]S

wanaduAessauUfizen (threshold cycle; Ct) TnT2aNUNTTISOIET F9zilALUsHNRuY

K =

Y] a a & ::4' o X i A vy
ﬂ‘U'lJill']msUa\‘ia']EJ@LQUL@WQﬂaQLﬂiqgwmu IWEJF’W Ct V]@']uvl)@llﬂ']uaﬂ ATLUDIINNAIUITN

asanvutuluseulisentissny dedannuvangladn A1 Ct N8uAlades agnuly
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FegantiuSunaesduildudring wazaziinisuansoanvesdulusiegiauinnindiog1ed

avanulusauveslizenginid

Tunisnaasiwaann real-time RT-PCR ‘UBLLﬁﬂﬂNaL‘id]u?ﬁ”]U’JULVi’WGU@ﬂﬂ’]iLLﬁ(NE]E]ﬂGUEN

U (relative expression) lW3ULE Uiy 3, microglobulin Fadu house-keeping gene

Apoptosis 1unalnniisressnsnenldidawadnlisesnisuselefoyde us
L HAdNTLI9EINIIARDAIUNITAIUANNIIABULUY apoptosis ba vililiuunaisadiiuuin

AABALIAT INHANITNARDINUINGT Ol-mangostin ﬁNﬂﬁi@ﬂ’]ﬁﬂﬁBﬁNﬂi%U’]ﬂﬂ’]i apoptosis

[ ]

Tugaduzise Wowaduzialdsuans a-mangostin aziinaviliil snsaruves Bax/Bcl-2
(relative  expression) anad 1lpan1a1nfinisuansesnvesdufimileatinszuiunisiin
apoptosis (Bax) 11nTy (;J‘Uﬁ 13a; Ct figuldiantionas fnen relative protein expression/
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Cytommic

MTT a2szazy. Tho conconiration of e-mangostin at 555 peml. menbied in 2 50% survhal of PEMC:, which was as potent a cytotoxic

pachtmml Afier 24 b of FEMCs coltume, the pearcentages of T calls (CD34), B cells (CD1H) and NE calls (CD3-CD16HCD5) wae not significantty
changed by treatment with 1, 2 and 4 pg'ml. of o-masgostin compared with entreated-PEMCS; in addition, the percentages of thess hymphocyies teated with
the copsbimation of =-mampnstn (1, 2 and 4 pg/ml.) and the mitegen comcameralin A (Cond) was not simmiScamthy Siffeunt fmm that of ConA-tread PEMC:.
For cytoking searution, a-mangostin (1, I and 4 pg'ml) did not significantly indece wither proinflamsrtory cytokings. (Le., TMF-u and IL-1f) or cytokine of
sdaptive ity (Le., IL-2). The combinaticn of e-mamgosta (1. Iﬂ4upﬂ}ﬂﬂm&hmmﬂhhnﬁm‘mﬂmﬂﬂ
IL-1f corspared with Conf-troated PEMCy; howevar, thaso combinaticns could ¢ docreass the miathe difforemco of IL-2 compared with Cond-
treated PEMCs. Theso dat indicated that o-mamgeatin was abls o mmmzmmmmmm:mummﬁh:m

2T Decewary o irvestigate its afect on IL-? production.

Mangnstesn, (Rarcimi mangostzag L., i a tropical tree fmmd in
Southeast Asia. It has been used in tradifional medicime for the
treatments of diarhea dysentery, mfections and wounds [1, 2]. The
frequently used pant bas been the pericarp, comtaining a high comtent
of xanthones. o-Manzostin is one of the major xanthone dermvatives.
Nmsﬂmhﬂmﬂdamﬂyufmm;mmg
antibacterial, antifungal, anfioxidant, cytotomic and amtitomer
EEEecIshuhmmmramim'LwD-S] Despite the mmmne

phyngmm]pormmkmhalmmmﬁ:mmmnf

The cyiforic activity of o-mangostin on nomal oman PEMCs
was determined by the MTT test. Afier 24 b of incubation, 507 cell
survival resulted from eing ewposed to 355 ppml of
o-mangestn. For the non-cytotosdc concentration of o-manzostn,
more than 953 cell wiability was obmined from the concentration
Lowrer than 4.5 pz/ml, (Fimure 1a)); mearmwhile, 5.85 and 235 pz/ml
of paclitzel (3 positve contrel) resulted in 50% and 95% of
PEMC: survival (Fipare 1h). These data indicated that a-manpestin
possesses the same substantial cytotoxic property as paclitasl

PEMCs contain essenfial compopents of the human immmme

gystem, which mamly are lymphocytes, monocytes and a small
mlIﬂJerofHE{fJJs[ﬁ] Tn:ktmmneltemmnmudﬂam-_\r

]
chmg!ﬂ:epuom,gunfcnh{??a 47,777
+ 4.3 and 77.8 = 3.6%, respectively) compared with ConA-treated
PBMCs (775 = 48%, P = 005). Fur B cells, oc-mangostin
concentrations of 1, 2 and 4 pz/ml. did not significantly chanze the
percentapes of CD19+ (7.6 = 14, B2 = 214 and 78 = 13%,
respectively) compared with umireated-PEMCs (8.6 = 2.5%, F =
0.05); farthermore, the combination of o-manpastin (1, 2 and 4
upml) with ConA did not affect the pencentapes of CD19+ (4.3 =
10,47 =14 38 = 1.7 pgml, repectively) compared with
ConA-meated PBMC: (535 = 16%, P > 0.08). For BE cells,
o-manpestin (1. 2 and 4 pz/ml) did not significantly reduce the
percentapes of COL6GCD5 (159 =35, 158 42 and 163 =
3.6%, respectively) compared with untreated-PEMCs (189 = 343
P = 0.05); moreover, the combination of o-mangoestin (1, 2 and 4
pp/ml) with Cond did not sipnificantly alter the percentapes of NE
cells (16.5=4.1, 16=38 and 155 = 3 5% respectively) compared
with Cond-mreated PEMCs (15.4 + 3.6%, P> 0.05) (Figure ).
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Introduction

Abstract

Objective Mangosteen has been used in tradibional medicine for treatment of
many diseases. Recent studies have reported the active constituents Isolated from
this plant In this stody, purified «-mangostin, 3 major component and jpartially
parified water-soluble fraction found in fruit pericarps, was carefully tsolated, and
their biological activity was compared, L.e. antoxidative activity and cytotoxic
effiect In brexst cancer cells: SKBR3.

Methods Antloxidative activity was determined uosing the 1,1-diphenyl-2-
picrylhydrazyl radicals (DPPH) assay and reactive oxygen spectes (ROS) assay,
whereas the cytotoxic effect was evahuated by the MTT assay and morphobogical
changes by finorescence staining.

Key finding The DPPH scavenging capacities of a-mangostin and water-soluble
extract were obtained, the 1C50 at 183.95 and 54.57 pg'ml, respectively. Mean-
while, the intracellntar ROS level was significantly decreased after treatment with
ci-mangostin and water-soloble extracon at 20 and 300 pg'ml, respectively.
ci-mangostin exhibited the cytotoxicity at EDS0 221 pg/'ml, while the water-
sofuble extract was non-toxic to cells at ED50 higher than 160 pg/ml. Both con-
siments showed antioxidative activity by chemical asszy and in cells, but
qi-mangostin expressed strong cytotoxiclty and showed apoptotic bodes.
Conclusion The different i1solated constituents would be further stodied
for fotore possible wse s chemotherapy in cancer and chemoprevention in
Alzhetmer’s disease.

Mangosteen (Garcinla mangosiana L) 15 2 tropical tree from
[ndta, Myanmar, Malaysta, Philippines, 5 Lanka and
Thatland. People named 25 1t ‘queen of frults’ due to the
Julcy, silky, sweet, fragrant and marvellous taste. The froit
pericarp of mangosteen has been used 2 a traditional
medidne for many years & ireatment for skin infection,
wound, dysentery and diarrhoea™ The pertcarp 15 2
source of xanthomes, mangostin, tannin, chrysanthemin,
garcinone, gartanin, vitamin B1, B2, C, and other bloactive
substances. P In this study, the extraction process of the
frait pericarp of mangosteen gave main two partitons
EtOH extract and water-solnble partitton of ethanol extrac-
tion. The EtOH contained high amount of a-mangostin,

which was reported as a potent chemical for ant-
Inflammatory, anbtomour, antioxidant and antibactertal
activity.™ The water-soluble partition, which 1s tsolated dif-
ferently from other reports, has 1 newroprotective effiect
against oxldative stress in various nearonal cells fn visro and
in vivo.** Thus, the alm of this study was to tsolate the
purified @-mangostin and partially porified water extract
and compare the Wological activity of these isolates using
the MTT assay, cytosolic reactive axygen spectes (ROS) level
test and DPPH scavenging assay to evalnate the appropriate
application of these constitnents in the fatore. Our finding
showed the different activity of these two 1solated extracts

from mangosteen.

182014 Royel Phanmaceutical Socety, Joumal of Pamecy and Pharmecokay, 66, pp 1171-1179 1m
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[Retinal nervasoularization isa major casie afvision bossin disezmes charactenized by retinal ischemia and is char-
acierized by the pathological growsh of dnomal vesds Vascular endoghedial growsh Bctor (VEGF) isknown to
play amimpartant roke in this proos s Chodative siress has heen strongly implicted in up-egulation of VEGF as-
sodated with nemaso Larization in vanous tissues. Hence, compounds with ansi-cod ant adthions an prevent
nescrvasculanzion. e -hangostin, 2 componen t of man gosiesn | CGeroimis momgesions Linn), has been shown to
havean amti-md dant propertyin pathological conditions imahving angiogenesis such & caner. However, the
effect of o-mangpetin on RS formation and anglogen© fundhion in micovascular endothelial cdlls has not been
sudied Henoe this study demonstaed the anti-angiggenic efieds of o mangostin in relation to ROS formation
in bovine retinal endothsial cells (REC). oe-Mangostin signifiantly and dose.dependend y reduced formation of
¥ in hypocia-treated lﬂtn—“mpmh:@ﬁaﬂruﬂhwqmdw
increases in permeshility, profifes tion, and tube formation in BEC and bibcled angiogenic spaouting in
fthe ex viho aartic ning 2:eszy. In ad diion, oe-mangestin inhibited VECF-induced phosphorylation of VECHR2 and
R 2 APY Ao in it oo e, resduces oidatie strew and limits VIEGF.ind uod angogen-

amangsn
s though 2 pmcess imvoliving, sbrogation of VECHC? and FRK12MAPK artiha ion.

© 2014 Ehevier Inc. Al rights reserved.

Angiogenesis ib the process of vesse | sprouting from pre-exdsting
vesieli that i involved in various pathological conditions sudh & cn-
e, rheurnatoid arthritis and ooilar disesses induding disbetic retinnpe-
athy (DR, age-relsted msauisr degeneration [AMD) and retinopathyof
prematurity [ROPL Retind neov ascul o ieation i major case of vison
Ters el i e harseterized by disruption of endothelialeell -cell juneia s,
lesding to incresied permeability which i followed by endathelis)
cell migration, proliferstion, and capill ary tube formation Vasoulsr
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endothelisl growth factor (VEGF), a potent angiogenic growth Dcor,
isknenin to play animportant mlke in thess events

Formation of resctive cxygen s pcies | RO5) has been strongly imph-
cated inup-regulstion of VEGF sancisted vith neovisaulirizstion. RS
increase VEGF ex pression and sativity by inhibitionof the protein tyro-
sine phesphatass and sctivation of VEGFR and downstream signaling
proteins [Colavitt et sl 2000; Ushio-Fuksi snd Nakzmurs, 2008).
Henoe, the wee of anti-idan can e sngiogeness.

Mangnsteen | Gardia fid ngosana Linn) is 2 tropical frit native
1o Southesst Asia i ncluding Indonesia, Malxysia, and Thailmd. Vari-
o8 parts of m angostesn have been used xs traditional medicine For ex-
e, lried] anel poveedered fruit hull s wed x5 ant-microbisl sgentand
anti-parasitic treatment for dysentery, wherexs leaves and bark are
e d lor ecperm trestment | Obalddy et 51 2009)_ At present, scientific
Feports demonstrate numerous sction of mangosieen inchuding anti-
tumar (Ho et al, 2002; Jung et al_, 2006 Matsumaoto e al, 2003,
2004; Moongkarndi et al, 2004al; Suksamram et al, X006), anti-
inilammation, anti-sllergy [ Chen et |, 2008; Nak stani ot a1, 200235,
20041, and anti-oxidant activity [Chin et al, 2008; Jung et al. 2004
Yu et al, 2007) Mangosteen containg high smounts of mnthone.
witich are secondary metabalites that demanstrate sgnificant biokogi el
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ABSTRACT

o-Mangostin from pericarp of Garcinia mangostams L. was purified and investipated on the anfi-perliferation,
anti~cancer activity on spoptotic-related zene expression and cell cycle amrest against human cancer cells. a-
Mangostin was identified by ""CHME, DEPT 135-NME, IR and MS. The peak of a-manzostin from HPLC
chromatogram was monitored at 316 nm and displayed at retention time 209 minute. Ten homan cancer cells
showed the cytotoxicity by MTT assay after exposure to o-mangosting Feal-time B T-PCE was used to measure
the apoptotic-related zenes expression and flow cytometer was performed to analyze the cell cycle amest The
EDs; on cytotomcity of o-mangostin obtained from 5 breast cancer cells were between 821-15.41 pg/ml; from 2
ovarian cancer cells were §.15-33.4 pp/'ml; from 1 liver hepatocellular carcinoms cell was §.12=032 pg'ml and
from 2 colon cancer cells were 8.63-18.98 pzml The BawBcl-2 ratdos were increased in all camcer cells
sugzected that it might induce cell death by apoptotic pathway. a-Manzostin demonstrated at GOAG] phase cell
cycle amest by flow cytrometric analysis. o-Mangostin showed anti-proliferation activities to all 10 cancer cells.
This compound should be firther imvestizated for mderstanding the mechanisms of action and M vive model
stdy to justify that a-mangostin is effective for prevention and trestment of cancers.

Eey Words: o-mangosting mangostesn validation method cytotorcity, cancer, cell cycle, Bax/Bcl-2 ratio
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INTRODUCTION apoptosis of homan lenkemia [4], inhibition the
oxidation modification of huwman LDL [3],

Crarcinfg mamgostang Lo (mangosteen), belonging histamine H] recepior antapomist [6], and-

to family Guitiferae, is an evergreen plant widely
found in the twopical couniries including Thailand.
The pericarp of the fruit has been used as a folk
medicine for many years to treatment of skin
infection, wound and dysentery diamhea [1]. It has
been revesled to have major biological active
compounds, a- and y-mangosting and other mimor
manthones [2]. Among these compounds, o
mangestin is ome of the inferesting comstitwent,
which generally found in various parts of this plant
especially i the pericarp which was throwm away
after taken the mesat of the fruits. c-Mangostin has
been reparted t*  possess  interesting
pharmacobegical  activities, soch a5 anf-
vanconnyrin resistant Enferecocci [3], induction

MRSA[T] and effect on Ca®*-ATPase [E] [¥]. In
addiion, soficancer of this compomnd is
increasingly imteresting. A momber of stdies
reported anticancer both fm vite snd i ovive
smdies. For example, o-mangostin showed the
inhibition of humsn malimant shoblastoma growth
by 50%, decrease human prostate carcinoms and
buman colon adenccarcinoma growth, as well as
induced apoptotis of several cancer cells lines
Moreover, it can inhibit chemically-induced cancer
from 1,2 dimethylhydrazine in colon cancer maodsl
[10]. Physically, o-mangostin is a yellow solid with
the melting point 181.6-182.6 *C[11]. Its IUPAC
name is 13 6-mihydnoxy-T-methoxy-2 8-bis{3-
methyl-2-buteny)-9-xanthenenome  [12] or 1.3.6-

T orrespendig Auther ASSress: Framchanicn Moonglarmey, [Eparoeen of Mirobiolagy, Facslny of Fhansacy, Makido] LRveray,

Bamphok, Thatland primchasien oy mabidol ac.th

55



ANUNNUAENTTUNITITULIYIR

AMANUIN 2

'3
NWUNEITUIEZNS Ol-mangostin

a1sndendenaignaduiiauuailise, dwdest, duduauley viral reverse
transcriptase  Way HIV  protease, ANULTDN1ANTE, LANDILAY, AU histamine, AU
serotonin, 8ANTENLEU annsiaLKaluILALeIMIS, Sudtoulysl DNA topoisomerases |
YY) a 4 a ) v @ a 9 a dy v
way Il, Juiveyyadase AusenTady, Auuess, wuanudulain @yulnsiudi, 2542;

Moongkarndi et al., 2004) tJusiu

M53delulszmAlng wuitarsafianenu (crude extract) anAensisgaiiadnge
methanol @11150n5FuNTLUTesYaduzsudLY (SKBR3) Juferdestunszuiunis
apoptosis Iﬂ&lﬁ]i’sf\]ﬁ@‘ufxﬂﬂﬂ’]iLU?ﬁIEJULL‘U’mE‘UﬁN‘?J@Qlejaé uaﬂmﬂﬂf‘”ﬂﬁqm%‘ﬁmmi
AnUfAse1e0n@ndu (antioxidation) sdansiudanisiia Reactive Oxygen Spicies
(ROS reduction) 8nA78 (Moongkarndi et at., 2004) Wui1@1s mangostin tJunguans
phenolic compounds il %ﬂauﬁuﬁ{%ﬂ xanthone T%emuadl Ao 1,3,6-trihydroxy-7-
methoxy-2,8-bis-(3-methyl-2-butenyl)-9H-xanthen-9-one w39 1,3,6-trihydroxy-7-
methoxy-2,8-di(3-methyl-2-butenyl) xanthone (The Merck Index, 1996) wagdauwuadu
O, beta tag gamma-mangostin %uﬁ’wy}muﬁﬁsﬁwm hydroxyl (-OH) w1 Tusuves

NENILAFYINGINUIN Ol-mangostin @1usanileddin13iin apoptosis 983 human

leukemia HL60 cell line Imaﬂszﬁuﬁzw caspase-3, 9 lulilpsAouLn3e @15 Ol-mangostin

wuUsageniieniinafiduvesis sruvisfiviunaganasidu major constituent ludau

'
Q‘I a o =

Y94 crude ethanolic/methanolic extract NilgNSsinas e U@ﬁﬁﬁgﬁﬂmﬁ winUselovil
1 a o £ L4 o w Y & v £ U a Aa v
agedamnazthunldusslevilugnarsdrAganldduenls augninisadyinenidddne

nanenauseauly

n1suenaIsd1fyanldendenalaaisusgns Ae Ol-mangostin laefAadyinng

a £ v v a v o A o
MIIAABUANNUTANSVRIEN TN walviliuSunaunnne eg1etdey 70 nfu (lAsensUn 1) i
waigsdmsunismaaadlunnlasanismiaus MnsEnwiamaead wasfldnismaaed

ludninnast IngNLWINNNMTIEN 2. gativayusulssanalulasansideves
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sf. 03, WA snzwuna wazany lulasanisilalneausnailsouiisulanians
SUAUNLGNI chromatogram TndlAeiu 210 methanol wag ethyl acetate extracts (A7

(% )

17, 18 uag 19) wazsieunlulasansidednasnisiasvendyuativayudn 1 laviinisuen
413 O-mangostin U3gnslamundadimuelilulasanside ldindd 70 ndu vesudas

TA5sm3 TnBUANINANISATI9ADUAT Ol-mangostin U3gvisdauanstoyalily msnefl 8 uas
9 waz il 20 waz 21 laeAdldiuisuiisunaduin Tngldansumsguiidondui
Feuides mn lot vesansiuenldiinamings 90% azlaildld lot dulumvanosiiine u
Tu lot C Lailgldlunms@ne egslsfnundesmnidumasteslusnaiunn Tuszdugunsal

lureslJUanis watilaegluanunela wazdunseuluszdudsuades aglaansniaiy

¥

U3gnslnalfesivatsuinsgiu saglunmswienldonululn 2 alavnuidy a1s ot-mangostin

9

mnsvulaludag lot TAMUUTANTUINNT 98% A9l 21 wandazuniskenalsusans o

mangostin 3NLUaeNTaAR

550
350 4 C
=
<l
E
150 4
b d
a
_A__,—_—f—«_ﬁ__/\—}\-«-—l\_n-n\_,\_/\_ﬂ I\_l\ A_'_Jk
0 10 20 30 40 50 ]
Time (min)

JU#1 17 uans chromatogram vesansarinanilenn Nleanlasinsidevessa. as. AR
INTUIUND LATAME a=garcinone D, b= gamma mangostin, c= alpha mangostin, and

d=beta mangostin
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1 = @158n7m MeOH

"
‘
"
"
"
~

2 = @15anm Ethylacetate

Q
TN o
e O

SUT 18 wana HPLC Chromatogram vasansaiasneaudidululasinsil 1) dauvesans
afn MeOH 2) d1uvesansann Ethylacetate 21nn53ATIANUIENENT OL-mangostin Tu
ansadndeniean TuynqauatlneaslifinvesarsiAniud retention time wihifu 20.95
wnlulInnasnnuesunnmngg fiu

MAUGA 00)
3T6nm,anm (1.00)

gﬂﬁ 19 uang HPLC Chromatogram ¥esansain MeOHvasUdandaAn wag UV Spectrum
Y03finanseae 1) UV Spectrum vasfinansd retention time = 17.38 w1t 2) UV
Spectrum 43finansii retention time = 20.95 w17t (@13 Ol-mangostin) 3) UV Spectrum

989NNA1N retention time = 27.78 W
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A15197 8 LAAIATNUNLANANAUNUSAUAMUTUTUVDIANTALAY o-mangostin

AUTUTUVDIFTUTENS ALRAINUNLANN
OL-mangostin (Mean )(n=3)
(ulasnIusiadiadans)

10 106740.00

25 272,676.00

50 545,352.00

100 1,097,118.00
250 2,487,852.00
500 5,421,438.00
1,000 11,103,916.00

3‘1]17; 20 LAPNNAYDY Thin layer chromatography‘ummiﬂ%qwé Ol-mangostin Fwenly
WIguiguiuansunsgu awa TLC 91 UV lamp 256 nmld solvent system = CH,Cly:
MeOH (96:4)

Std = Standard Ol-mangostin
A = Ol-mangostin Lot A
B = Ol-mangostin Lot B

C = Ol-mangostin Lot
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M191991 9 UAAIHAYBINITAUINY % ANUIENSVRIAIT OL-mangostin Auenla

WiguigunUaTHINTFIUNTRUN

U3u1as OL-mangostin

% AMAUUIGNTVDY

Sample

(ppm) OL-mangostin
Std*Ol-mangostin 1000 97.37
AQL-mangostin isolate lot A** 1000 95.89
BOL-mangostin isolate lot B 1000 93.98
COl-mangostin isolate lot C 1000 87.17

*Standard Ol-mangostin from ChromeDex Part # ASB-00013096-025

**|ots purified in the second year-grant were obtained higher purity more than 98%

eeeeeeeeeeeee

eeeeeeeeeeeee

2192 587757
232350 ARRN23
71647

PSRN T

Standard Ol-mangostin

Ol-mangostinlsolate lot A

nnnnnnnnnnnnnn

OL-mangostinisolate lot B

Ol-mangostinlsolate lot C

JUM 21 waAINaYae HPLC chromatography ¥84d15U3g5 Ol-mangostin Aikenl@ain

3 lots WisuiiuiuasanTgIY
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Meat

: H,O(DW)(2:1)

EtOAc extract Residue

v

Column chromatography

v

Recolumn chromatography

v

Crystallization

Ol-mangostin

gﬂﬁ 22 Summary of the Ol-mangostin isolation from Garcinia mangosatana L.
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13 Ol-mangostin  #AaaNyF non-polar  un lunsdienisiianisazaena agld

DMSO w3 Methanol %38 Ethanol uanstieazans uaz Wevnisidearseoly naves DMSO
wnvslifurowadazinatosundededluaumionives DMSO Uszunas f1ndn 2.5% us
methanol way ethanol ldldlunisnaasuiu cell culture @MSUNISHITAIINTEALAIVDIENT
n1NNIN1sAAUIERINaans nsen1sUsunisuin agldasvienisnsganedife 0.5%

hydroxypropyl methylcellulose; HPMC %#39813l4 0.1% carboxymethylcellulose; CMC

HANIINAFIUAIINAIAIVBIAIT Ol-mangostin Tlgaumnafl 60-150 °C uanAgndnI15viane
waduziseldnieaA1aialndifeaduda ol-mangostin auAx Wunanisneaaeunisieauly

lA5aMsITegesil 3 A15199 31 wansgNEkazANNTNTUYRIETANAAINURDNIAR (Loan kL

Tnadu) TunsdudensiasaAulaues Caco-2 cells lasaeaz 50 (ED50)

#019¥N15NAEDU 1281 (W) ED 50(ug/ml)
Control 8.09 + 0.18
60°C 15 9.01 + 0.35
30 8.76 + 0.28
45 8.70 + 0.51
60 8.43 + 0.27
75 8.55 + 0.13
90 8.22 + 0.13
90°C 15 8.77 + 0.37
30 8.21 + 0.10
45 8.27 + 0.12
60 8.27 + 0.25
75 8.22 + 0.12
90 8.69 + 0.26
120°C 15 8.65 + 0.04
30 8.94 + 0.09
45 8.90 + 0.22
60 8.47 + 0.26
75 8.38 + 0.22
90 8.76 + 0.38
150°C 15 8.44 + 0.40
30 8.72 + 0.13
45 8.58 + 0.09
60 8.77 + 0.11
75 8.64 + 0.25
90 8.53 + 0.13
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figaumafi 60-120 °C uann

gvisNseueyLadaselaeds DPPH assay lkalndwfesivansainuiniuauasu {unanis

Naaauns1wululasInNIsITegaeR 3 AN5199 32

AUENITaluNIIiNuaYYadasTYvasansainuianiUfenilsan 1S DPPH assay

QeI

Yasansanen | % DPPH radical scavenging activity after treatment

RGN

H90 Lgml Control 60°C,15min | 80 °C,15min | 100 °C,15min | 120 °C,15min
0 0.00 £ 0.00 | 0.00+£0.00 |0.00+ 0.00 |0.00=«0.00 0.00 = 0.00
3.91 16.22 + 256 | 15.82 + 234 | 1659 + 0.27 | 17.27 £ 0.78 | 7.35 + 5.00
7.81 2892 + 1.33 | 2881 + 3.73 | 31.57 + 1.46 | 33.05 + 1.27 | 25.57 = 0.47
15.63 48.58 + 0.68 | 48.19 + 0.80 | 54.01 + 2.80 | 54.41 + 1.69 | 45.08 = 0.93
31.25 79.49 + 229 | 80.73 + 2.69 | 89.44 + 291 | 90.26 + 1.86 | 79.83 = 2.43
62.50 95.19 + 0.42 | 95.31 + 0.75 | 95.40 £ 0.34 | 95.81 + 0.66 | 95.31 + 0.12
125 95.09 + 0.25 | 95.31 + 0.68 | 95.3d + 0.39 | 95.73 + 0.80 | 95.18 + 0.18
250 94.58 + 0.33 | 95.36 + 0.52 | 94.87 + 0.28 | 95.27 + 0.69 | 94.83 + 0.11
500 93.47 + 0.63 | 94.73 + 0.70 | 94.40 = 0.37 | 94.28 + 0.41 | 94.02 + 0.06
ICsg 16.35 16.51 14.27 14.03 17.85

S.D. 0.33 0.49 0.32 0.67 0.02
ASUUNENS

® M3LENAITUTANS OL-mangostin laadunisidumunauauiifinuaiauiun

0 aw

A a vy Y] ° ATy v %
ﬂaﬂaqﬁmLmﬁﬂmlﬂﬂ@ 70 N3y &a3quﬂqwu@ﬂﬁaqmmﬂiﬁuuNUQqu %ijﬂﬂnﬂiﬂﬁﬂﬂqilﬂﬁqilﬂ

adunsnasslamuluiauelInuI. wagans ol-mangostin Akenlau

a

9

EN

v
S U

UUATIUAIRN

a & o Aa a 9 va & 3 v a wa o I
7 nswiusnulunwusnUaratnldludanuiu ausanuldluiesujifinig wielianudu

10 % Tuszminivinm 9Tl asdarnstigrdnaisadlanilndAeafunfneguay N15699M9

adivenlinunmsiulewreade Wulumuderdmusveinisnsisnmnimueindnsioeien

o mswssuyiluresljUan1side Insldaunsaliiuguniilulasinisuasvesnne

Lﬁ‘u\‘ﬂuﬁﬁ@u%ﬁﬂ%ﬁﬂﬁﬂ‘lﬁ%wﬁﬁqfﬂLLaSL%JW%ﬁ’IﬁEg“lI"JEJ HasnnsanuNlddninaasssndudes

T¥ansusunaunaeniwewseuaisieldnaasuluvasnnnasiwazivad 3911nazunis

w3euUnannTuseUnsalnwningu 919fessuisdndnteslunisaiive
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a
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1 a v

2w3dulaeu Fadulgmlunnlaseanisildindnausuniauszdlumbhenu vili
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2

€

I o

a £ = Y . a A o Aa
ansuTansanunsamseuls o-mangostin USunauunnanildensdagaifiadan whunldy
Usglowils ynauaglauselond vndidaulafinymiadvinmsuiniu uasinanseaulngdl
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Poyanfgnaesllimuaulasiiiunisasadslueuen

o yniflanudululdluewiannisnssuansadin O-mangostin U35 W39N13
WlgNaNTainIndull MunIsHIsNANYIIAY a1unsainsaieneanalulaglvludseeiu
¥ 1 L3 U a L4 4 < v < 6 1
gaamnssule Wy aadnsndunssy nsAvenmansnisung Wudu asdulseleviagng
BasiaUszima waznIdeligayiuan
. v Aa Y & ae % <
® 13 Ol-mangostin TnanANInlun1INAaRIR IUNZITINAnY luladauzISe Lay

NMIANYIRIUNITSNHILATANITRIRA LAY Laznnzduudaludminaass @15 O-mangostin 3
o @ 3 P2 o & v ° = v | A o
Anaarwluntsiauluilud Gedndusewinnimeassasdnluaiunisgmunduausily
Tassasnwioly Wi n13finwn pharmacodynamics pharmacokinetics tUusu mindigaule
Anwnnenensusely JUnINeIAERS 31NANUTENANYINNITITETIUIYN AT
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DATE OF BIRTH;  February 5 ,1947. Japan.
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Maidashi 3-1-1, Higashi-ku, Fukuoka 812-8582, Japan
Phone; +81-(0)92-642-6620, Fax; +81-(0)92-642-6630

E-MAIL; hideo.ustumi.278@m.kyushu-u.ac.jp

Education:

1965 March Graduated from Shimizu-Higashi High School, Shizuoka
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1971 June B.S. (Pharmaceu. Sci.), University of Tokyo
1976 March Ph.D. (Pharmaceu. Sci.), University of Tokyo
(Thesis: ESR Studies on Bio-membrane Dynamics)

Brief Chronology of Employment:

1976-1977 Lecturer, Establishment Project for Faculty of Pharmaceutical
Sciences, Teikyo University

1977-1982 Assistant Professor, Faculty of Pharmaceutical Sciences, Teikyo
University

1982-1994 Associate Professor, Faculty of Pharmaceutical Sciences, Showa

1994-2000 Professor, Faculty of Pharmaceutical Sciences, Kyushu University
University

2000-2010 Professor, Graduate School of Pharmaceutical Sciences, Kyushu
University

2003-2007 Senior Program Officer, Research Center for Science System,

Japan Society for the Promotion of Science

2007-present  Director, Innovation Center for Medical Redox Navigation, Kyushu
University

2008-2010 Vice-President, Kyushu University

2010-present Executive Director, Pharmaceutical and Medical devices Agency,
Japan

Honors and Other Special Scientific Recognition:

The SFRR (Society of Free Radical Research) Japan Prize, 2005

Prize for Science and Technology from Minister of MEXT (Ministry of Education,
Culture, Sports, Science and Technology), 2006

Prize for Society of Electron Spin Science and Technology, 2007

Medal with Purple Ribbon, 2011 from the Japanese Emperor

On November 15th 2011, the Japanese Emperor bestowed the Medal with Purple
Ribbon on Professor Hideo Utsumi for contributions to redox biology. Professor
Utsumi was awarded Ph.D. in Pharmaceutical Sciences from University of Tokyo in
1976, and started his professional career as Assisitant Professor at Teikyo University.
He visited Cologne University as fellow during 1978-80. In 1982, he moved to Showa

University as Associate Professor. In 1994, he moved to Kyushu University as
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Professor. During 2008-2010, he served as vice president of Kyushu University. From
2007 to now he serves as the Director of Innovation Center for Medical Redox
Navigation. Beginning 2010 he serves as the Executive Director of the Center for
Product Evaluation, Pharmaceuticals and Medical Devices Agency. Professor Utsumi
was the first to develop in vivo electron spin resonance (ESR; also known as electron
paramagnetic resonance or EPR) imaging system in Japan and commercialized it to
promote redox research. Over 30 in vivo ESR systems are currently used in Japan
today. A compact or high-resolution Overhauser-enhanced MRI (OMRI) system has
been developed by his group and will be available next year. His translational
research activities have uniquely covered instrumentation, organic synthesis and
disease model applications. He synthesized many redox-sensitive compounds, and
collaborated with clinicians to understand mechanisms underlying disease systems
caused by redox imbalance using his compounds as tools. Thus, Professor Hideo
Utsumi contributed a novel technology to investigate in vivo redox status in disease
models. This technology platform has immense potential for bedside application to

humans.
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