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ABSTRACT

This research project was aimed to compare the antioxidant activity and cytotoxicity of
medicinal plants commonly found in Thailand. The study was also to find out the most active
principle that showed the highest antioxidant activity and the least toxicity to normal cells. Structure
elucidation of the pure active compound (s) was also carried out.

The research work began with plant collection based on ethnopharmacological information,
chemotaxonomic approach and random sampling. According to this, 26 kinds of medicinal plants
were collected. After taking part separation; e.g. leaf, stem, root, 43 plant samples were obtained. The
ethanol crude extracts of all 43 samples were prepared and evaluated for their antioxidant activities
using ABTS, DPPH, FRAP and lipid peroxidation methods. The cytotoxicity of all extracts was also
tested by using peripheral blood mononuclear cell (PBMC) as a model of normal cell and Caco-2 cell
as a model of cancer cell. Results revealed that all of crude extracts possessed antioxidant activity but
at a different level. Most extracts were not toxic to PBMC except those from Garcinia mangostana
fruit peel, Thunbergia laurifolia leaves and Andrographis paniculata leaves that showed IC;, value of
4.9, 5.3 and 8.6 ug/ml to PBMC, respectively. The crude extract of Garcinia mangostana fruit peel
also showed inhibition of Caco-2 cancer cells.

From the antioxidant activity point of view, 5 plant samples Psidium guajava leaves, Mentha
cordifolia leaves, Punica granatum fruit peel, Punica granatum leaves and Thunbergia laurifolia
leaves were selected for fractionation process using n-hexane, ethyl acetate, n-butanol and methanol
as the extracting solvents. Thus, 20 fractionated extracts were obtained. Basic chemical test indicated
that these 20 fractions were composed of various kinds of flavonoids. High total phenolic content was
found in methanolic fractionates of all samples. These 20 fractions were tested for antioxidant activity
and cytotoxicity to PBMC and Caco-2 cells. Results indicated that methanolic fractionates of Psidium
guajava leaves, Punica granatum fruit peel and Punica granatum leaves possessed high antioxidant
activity. However, fractionates of Punica granatum fruit peel and Punica granatum leaves showed
high toxicity to normal cells. Therefore, the extract of Psidium guajava leaves was selected for further
purification by using column chromatography with various conditions of stationary and mobile

phases. Finally, three active principles, compound 1, 2 and 3 were isolated. Their structures were
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determined on the basis of spectroscopic and chemical methods. Compound 1 was found to be
quercetin, whereas compound 2 and compound 3 were identified as morin and quercetin-3-O-
glucopyranoside. Among these 3 principles, compound 1 showed the most potent antioxidant activity

with the TEAC, IC,,, EC values of 24.19 + 0.06 mg/ml, 1.20+0.02 pg/ml and 35.64 + 0.24 mg/ml,

502
respectively. The cytotoxicity to PBMC and KB-31 revealed that compound 1 had no toxic to such
cells. It was concluded that among 43 plant samples of 26 kinds of plants, Psidium guajava leaves

was the most potential source for antioxidant principle. The most active substance in Psidium guajava

leaves was found to be quercetin.

Keywords: Antioxidant, Psidium guajava, Medicinal plant, Fruit peel, Cytotoxicity
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v Pl I
(2006) IdthenseanalugnsnnnAnyInuI1ignT Antioxidant LAz Antimicrobial ti{eearnnunluans
[ 4 o ]
analoinlsznaudinan saponin, anthraquinone, alkaloid and glycosides, {ta¢ total phenolic content 8¢
{ L Q( Qo’
8115169005 Hypoglycaemic (Aguiyi tazAme, 2000) uazqnd
Tuilsuags gsanaly ypogly guiy
Antihelmintic  1AgWUNATANA TUBHIIAWNTONIAAIOOUUOS  Haemonchus  contortus  and
Y v
Heligmosomoides polygyrus Woe190Use@nFam (Njoku tiag Asuzu, 1998)  wenntiuiiiuvey
A 1 oA = . 2y . Y o a A
ISNYVDIY N ITIIUNTD Antifungal 9N8Y (Faria ttagame, 2006) ﬂTQﬂWH!ﬂﬁ%ﬂﬁiN!ﬂﬂIuIaﬂ NI
v A 9 A 3 A 1 I 1 031' o w ] I .
anaoniunlaenuaasvseenuuiuassislunsdadsy il suspending agent (Anroop Hag
AL, 2005) 18 binder (Anroop LAz, 2006)
. I A A £ Aa = . . Y
NN (Ocimum sanctum Linn.) WUNT T FUANHNNIMIANY Biological activity NUNIN
4
ﬁiw\ﬂumiﬁﬂ}ﬂf}ﬂﬁ Wound healing (Somashekar ttazatle, 2006) g Modulary effect (Dutta (10
1 = 9 ng
A, 2007) m@ﬂﬂgw\lﬁ"ﬂ'ﬂﬂuﬂﬁﬂ'ﬁnﬂq%‘ﬁ Antioxidant %Qﬁﬂ?iﬁﬂi&l']ll']ﬂ‘ﬂﬂolu in vitro LAY in vivo
(Kath 482 Gupta, 2006; Gupta Hazaae, 2005; Samson ASAME, 2007; Manikandan tagae, 2007)

4
wonniudanzimsdeaansoile iy skin tumorigenesis 1AA18 (Rastogi llazAME, 2007)



WM (Oroxylum indicum) Wuisoms  ludimewnuTunavestu szyassnaawna (ln)
LN GARRAINT anti-inflammatory, anti-pyretic {{Q1& anti-hypersensitivity 15 wqm?ﬁ‘i’mmmqmmmﬁ 13
ﬁﬁ'ﬂmmﬂﬁaﬂﬁ1ﬂmma'1ﬁmn§ Antiulcer (Khandhar (azame, 2006) (azgns S8 muzSe (Nakahara
uagAae, 2001; Roy uagaae, 2007)

1658 (Passiflora foetida) Fuieiiominhannmramiulsemy sryassnguild
qmmwmﬁgﬁmmﬂﬁ?mﬁumqq Semasenumvatorianniish polyketides alpha-
pyrones (Echeverri llagAte, 2001), cyanohydrin glycosides (Andersen tagnale, 1998) uaﬂmmfuﬁa
W flavonoids varewHaluansanavinlueise (Ulubelen uazne, 1982; Echeverri agAe, 1985)
$iaNTi9Ae Ermanin W‘u:hﬁgm%iﬁﬁmmmuazﬁadaummﬁzﬁy@)"l@’fﬁ (Echeverri LtagAe, 1991)

¥eWQ (Piper sarmentosum Roxb.) NIenunuNaIsananenuvesrzngiionlizneunate
¥ila aun Phenylpropanoids, hydrocinnamic acid Ua& beta-sitosterol uazﬁqﬁfaﬂﬁzmaimﬁaﬂ
(Peungvicha LtazAML, 1998) antimicrobial activity (Masuda ez A, 1991), antimalarial activity (Najib
uagAuUe, 1999) 1A antioxidant activity (Liu sagaue, 2002)

WSS (Psidium guajava Linn.) Fuftsituvedlne  radsainaunouduly Hufiswai
aunsasulszmuld Srenudiewnhnaureuvesradinnnnireussveitesmlsznon
YoaenIaaszana 40 ¥iia  Tasiiesdilszneundnie beta-caryophyllene, limonene, 3-phenylpropyl
acetate, 1182 (Z)-3-hexenyl acetate 130 (E)-cinnamyl acetate (Pino Lagndle, 1999) meﬂmgﬁﬂﬂﬁ}ﬂ
futhuluds sl fuderms toade1dsnde Tseaunasasaludfaiign Antibacterial atowila
(Sanches HAZAME, 2005; Geidam UAZAML, 2007) emﬂuﬁ’aﬂmsaf:m'ﬁqﬁﬂﬁ”l%’uﬁ’awmsﬁ’mg?fﬂ'lﬁ'
MnnsduAmumIMenasnusennsemnesursauswanmn uazwudwmﬁﬁﬁ’@ﬁqwﬁd
Wanvaly s ’E]‘VI%( Antidiabetic activity 910 ethanol extract voulAondunss (Mukhtar oz,
2006) i]‘i/l%d Antiinflammatory activity 40& Analgesic effect mm‘fmﬁ’ﬂglml%"q (Ojewole, 2006) tag
i]‘VI%JAnti-nociceptive effect 910 Ethanol extract sll’t’N(liJPJiq'Jﬂ (Somchit tagay, 2004) ﬁﬁﬂﬁuﬂnfi
afannludSsamuisatloat cell apoptosis (Hsieh Loz, 2007a) uaﬂmmfué’qﬁﬁmmgm?
il9afu blood coagulation (Hsieh lagae, 2007b) AL E]‘VI%( depressant activity (Meckes LlasAME,
1996) ludmesdilszney Unenunuasdravateyila 18un flavonoids, flavanols, procyanidins

110 prodelphinidins (Qa'dan (e, 2005)



v A

NUNY (Punica granatum Linn.) Y510NUNDFITIININ Flavonoids MINNUNY  @15940A1)
mei]‘ifl%{ antiperoxidative agents ‘ﬁﬁﬂ‘i ANTMWNIN  (Sudheesh U@e  Vijayalakshmi, 2005)
yenMNTUETIMITenuTens afAraRIRNGIs Methanol ﬁt]‘vfﬁJ Antibacterial activity (Naz 118
Ale, 2007) msﬁﬁ’ﬂ%1ﬂzﬂ§aﬂwaﬁqw§ﬂ60f"}’u Atherosclerosis 8% Thyroid dysfunction & (Parmar
uag Kar, 2007) a13@nafInanaInisnileadumsing liver fibrosis “luwgmamﬁﬁ biliary-
obstruction @@ (Toklu tlazAME, 2007) MITIVINATY Antioxidant activity WU TuiuAviens
Fiianile Ao Ellagitannin fli]‘VI%JAntioxidant Auaziinuilasafega (Heber azame, 2007)

0930 (Thunbergia laurifolia) SMsAN¥IANT A0 INMSMITDUAAY amphetamine (Thongsaard
1ay Marsden, 2002) HaEU519IUNY Tridoid glucosides (Kanchanapoom (lagate, 2002) uada 1l
518911 biological activity YBIE1TAING uaﬂmﬂifuﬁﬁmmqw%%u o YedmsanaIada  ldun
Anti-diabetic effect (Aritajat azAMe, 2004), Hepatoprotective activity (Pramyothin ez, 2005)

1ag Antimutagenicity (Saenphet LLazAME, 2005; Oonsivilai LtazAME, 2007)

Y Y
a o

9 [ 1 9 9 IJa v R Ja v o AR = o
ﬂ?ﬁllﬂ@lﬂ\iﬂﬁ?’)"lﬂﬂﬁu ﬂmglﬂ'ﬁ]EJleulﬂ‘Wi]'liil‘l'li]ﬂﬂ'liﬂiilﬂ']i')i]ﬂumu I@ﬂﬂﬂﬂﬂﬁgﬁﬂﬂ
Y
fage Tl
d‘ 9 a (% d'd Q( =\ [
1. IO IFITATUDDNLIATUNUGNTLLI Nﬂ??ﬂﬂﬁﬂﬂﬂﬂgﬂﬂWﬂﬁuu]lW5
A = = = = . . v A
2. LW@ﬁﬂHTLLa%LﬂﬁﬂULWﬂUQW‘ﬁ Antioxidant ﬂWﬂﬁWﬁﬁﬂﬂWGﬁﬁHuth3
A = 3 a s o A
3. LW@ﬁﬂH'lﬂ')'liJLﬂuW‘Hﬁf]Lmﬁamﬁﬁﬁ1iﬁﬂﬂ%1ﬂw%ﬁﬂgu1w5
[l 4
4. Lﬁﬂﬂﬂﬂ!tt’lﬂﬂi@‘ﬂ‘ﬁ (Purification) uazﬁﬂmqﬂﬂﬂiqﬁ%’n (Structure Elucidation) Y9389
' s
11¥qn5 Antioxidant gaga

4
%

A I a 1 4 a o A A
5. L“W’E)“VI@ﬁ’f)‘iJﬂ'NiJL‘]JuW‘]slﬂ@L“]fﬁa"U’ﬂ\iﬁ?iﬂ@ﬂf]“l/l‘ﬁfﬂ ﬂJuVILLfJﬂUlﬂ

Taefiszoznamlglumiiteaasalasams 3 1
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1. waagulns

9
N o a

Wy Insibundnuiineua 26 vila udazyialddiuae q uanadu duaasly

v Y
A1T1N 2-1  SAIUNINUA 43 §208719

A A
2. AT93ND

1.

10.
11.
12.
13.
14.
15.
16.

High Performance Liquid Chromatography Apparatus
JNM-0600 spectrometer (JEOL)

FT/IR-230 spectrophotometer (JASCO)
Vacuum Rotary Evaporator (EYELA®, N-100)
pH Meter (Henna)

Multiple-Point Stirrer

Hot Air Oven (Memmert)

Refrigerator

High Speed Centrifuge

Analytical Balance

Nikon Camera

Microtiter plate reader (Biorad 680)

Melting point apparatus (Yanako)

EI-MS apparatus (JEOL GC mate)

Filter apparatus

HPLC (Agilent Technologies, USA



MmN 21 saasduve sy Inshihmuasanmsananey

v
A A

culd‘ ’d‘o Y
A0ean BONY aunhnla:
1 HnzareTas Ty
2 HmzareTas fdu
3 uz 13u Ty
4 uN3A Ty
5 uENIA féu
6 uznNIa AIMa
7 NI nldon
8 az'lad 1y
9 azlnd luaa
10 azlnd fdu
11 az'lag Mduan
12 az'lng 310/m
13 An8UMY T/ 1du
) <
14 a'le aa
% A
15 anA nlaenwa
v A
16 AR 1y
Y= o ¥
17 HnFeann A
18 uAIINg nlaonwa
19 HINANA Tu/dréu
20 ADINDY nlaonma
21 LU 1y
22 LU Hneou
23 fnud 1y
24 ALITUNU 1y
25 PRI féu
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o 1 A A A VAo v
PR IANL] YoNw aunhn ]y
26 nde nlaenwagn
27 nde nlaonwan

A
28 1 nlaenwa
29 Tviszw 1u
30 Trigzm féu
31 ISTIGEER 1y
32 NTLINT 1u
33 ATLINI fdu
34 WA Hn
A
35 @S d nlaenwa
36 BN Ty
37 34 1u
38 W59 féu
39 W59 WA
40 AN 1u
v Aa <
41 UNY wan
42 Y nasnwany
A
43 51999 1u
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\ A Ao Y 1 A Y o Y Y o 1A ' ¥
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

DPPH (2, 2-diphenyl-1-picryl-hydrazyl)

ABTS (2, 2'-azino-bis (3-ethylbenzo-thiazoline-6-sulfonic acid)diammonium salt)
Trolox (6-Hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid)

Potassium persulfate

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a tetrazole)
DMSO (Dimethl sulfoxide)

Solvents (Ethanol AR, Methanol AR, n-Butanol AR, Ethyl acetate AR, n-Hexane
AR, Chloroform AR)

Beta-Carotene

Linoleic acid

Tween 20

TPTZ (2,4,6-Tri(2-pyridyl)-s-triazine )

Hydrochloric acid

Ferric chloride (FeCl, 6H,0)

Sodium acetate

Acetic acid

Ferrousc sulfate (FeSO,7H,0)

Gallic acid

Butylated hydroxytoluene (BHT)

Cosmosil 75um C ,-OPN (Nacalai Tesque)

Sephadex LH-20 (GE Healthcare)

Silica gel 60 (230-400 mesh) (Merck)

Toyopearl HW-40C (TOSOH)

MCI-gel (Mitsubishi)
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4. Fsnaaes

& a0
4.1 mﬁmﬁmwmngu"!wmmaﬁl%
0 ] o 1 { 1 ] o o =
TI"IﬂTiLﬂlIi'J‘U'i'J?J@'J’t’)EJNﬁ“])’ﬁlqlH1W§ﬁﬂ"lﬂ31ﬂ$u1ﬂ$ﬁﬁ1§ﬁ1ﬂﬂlu1Uﬂ"ﬁﬂ@ﬂE]TI‘ﬁ
. . = 3 (% A [ 1 as 9 ]
antioxidant IﬂEJEJWEIﬂiuﬂTiﬂﬂLa@ﬂﬁi}!uth§ﬂﬂﬂaTJ 3179 hlﬂll,ﬂ
' a <
1.1 Random sampling AoW1418 / HU5uamn /iduveanaeld
1 4
1.2 Chemotaxonomic approach AvlaenNIg ”IENTLlﬂfli]‘Vl‘ﬁ antioxidant

a

. . . Yo 9 1
1.3 Ethnopharmacological information 79 la5udoyanInmMsvenamiegiilya

U

Noadu (local knowledge)

42 mamssnmsanateunIndIet e Ay lns
Y
Masne 11
o @ 1 A Y oy ™) Y I dy A Qy I Y
1. Tasmsthdrednivayulnsindnhazers wulddusuun q wieduwan q uda
° ~ a a Yy A Y o
i ldoufgaungil 50 esmawades  sundsain Tagldnanlszum 48-72 ¥
Y o ' Ay = I A 19 ]
nAudesnayulnsideosmsdnsuiuisaa lidesiunszurumson)
2. thayulwsildannde 1 llualdazideaiaga  udsiimsniin (Maceration) 11 Ethanol
Tagldal5inamseayulnsaodaiiazato = 1:4 TagllSuas
[ % 9 [ 9)0'J [ o
3. menasmsndnld 3 5u Tasauldimniu dunnses
4. 11 Filtrate TU52imed9iazareu1eaiuesn 1ag Rotary Evaporator
5. thmnayulnsi 1@ l)minae
6. MINUAYD 2 DUB 5 (3831 Maceration 1 Cycle MMIHIN 3 Cycles
7. 9 Filtrate sz Cycle 1133004 aulidniy wdisziediazalseaniuviun

) @ A ¥ < =S a [ <} Y a3
8. L!'lﬁ']'iﬁﬂﬂﬁﬂ?ﬂﬂqﬂlﬂﬂiuﬂ1%u$ﬂﬂﬁuﬂ ﬂ@ﬂﬂullﬁﬂ uazmu“lu@,wu

43 miﬁnmqn’é Antioxidant

Taels 4 35 Ao Scavenging effect on 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH
Method), Scavenging effect on 2,2'- Azino-bis(3-methylbenzothiazoline-6-sulphonic acid (ABTS
Method), Ferric Reducing Antioxidant Power (FRAP Method), t481¢ Lipid peroxidation Method oK

Y
H5vazdeane 11l



15

4.3.1 DPPH Method

¥ ¥
ax A o

Wi TagdanilaidTves Gamez Hazaaz (1998) tag Brand-Williams tiazaas (1995) daao hlil
g I Y I . . A Y 9 1% ' [
Nﬁuﬁ1iﬁﬂﬂ1u ethanol Gl,w"lmﬂu ethanolic solution 1/]llﬂ’JﬁJmliJﬁlluﬁlJﬂQﬁ’ﬁﬁ’ﬂﬂ’agiw}fN
0.1 — 1.0 aansu / Haaans  aza1e DPPH 1 ethanol a1 1UMauiL ethanolic solution U949
] { a I o

asanaimsen’ld 1A ethanol 3 lAANMYNYLVE DPPH 1% 100 pM  wernlidniuTaems
_ Y o 2 yyg Aa A ay ~ o a 7 a A
we1ed1ase udnane Rlundanguvgidesuu 30 wiil  dimsinsgrivnliua DPPH 9

U

miaeluudazna  Taemsdasimsganauuda 540 wrlumas  Taeld Microtiter plate reader

o g’ 09/' = . . { o [~ = o a % o
NINMINAABILE1 3 AT fiNT antioxidant ﬁ’)ﬂklﬁlﬂuﬂﬂ‘ﬁﬂﬁﬂﬂﬂlgyﬂﬂﬁiz Gd]f\‘lﬂﬂ!’)ﬂﬁﬂﬂ %
. .. @ J da' A A gy @ o dy =
inhibition eeguMiae 1l 1o OD, AN ethanol unuaIsEa AILIFANULTIVDIGNFAD

& A Y 9 v A ey e v
IC,, EIADANUVNUYUVDIT1TTNANY % inhibition NINU 50%

(ODblank - ODsample)
% inhibition = x 100
OD

blank

4.3.2 ABTS Method

9 4
ad A o

i Taedauilaadtuee Re uazaaiy (1999) dage laii

v
v 9

N3 oUeYAdATZY09 ABTS Tnglda15azane cthanolic Y99 ABTS AsdunTanmdndy 7
o aan [ Y o Aaaa [ AA A a 9 I~
mM inlfnseduasazats 2.45 mM K,8,0, Tasliinlgnseduluniangurgiveailunal
o o A Ay vy ) a A
15— 18 1109 1MiudpaINmIsazaIeNaud 1Aa1 cthanol au lasmsaanauuedei 750 w1 Tu
1w ] :JI @ I ¥ I . . A
IWAT NN 0.7 + 0.2 M8 MNUUNENAITANA 1Y ethanol Gl‘l/ihlmﬂu ethanolic solution NYAIY
Y
[WuYHYeIaTataInY 1.0 Naansy / Nadang I¥esazaretl 20 lulnsans weau
v v 2
asazany ABTS Nasenldsiuiu 180 lulasans manlwmdndudanaBu 5w udanilyl
v 14 k4 2
Fasmsqanauueasil 750 1 Tumas Tagld Microtiter plate reader ¥1M13NAROIE 3 AT b
. . Y v = = @ a A dy = 3 A A
Antioxidant N 1@nunedegnimsdueyyadasy ABTS  aussanuussvesgniazduaiiiion
1 v
AUAITUIAT 31U Trolox (58n71 TEAC 119108191 Trolox Equivalent Antioxidant Capacity Fapil

] P ]
LEAAIDIANUTUTUUDS Trolox N1HNT Antioxidant A UEsANAOU 1.0 HaanTy
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4.3.3 FRAP Method

9)

i Taeaanasi5ue Benzie 1o Strain (1996) a0l

1A583 FRAP reagent IQgNaua1502a18 2.5 4aaans ¥od 10 mM TPTZ 11 40 mM HCI
AUTazate 2.5 Taaans Y09 20 mM FeCl, 1AUAN 20 Haaans Y04 0.3 M Acetate buffer pH 3.6

{ < ] o o A a o Aa aa
MasouaTolny 9 aaldwauliidndy  @eveasadald ldanududu 1 Jaansy / Jadans

9 dy = a @ a [ J A
1densazaneiiiios 20 TuTnsanswauny FRAP reagent 180 luTasans Jaminisganauuaived
{ ! ¢ A =
arswaun 1an 595 w1 Tumas Taeld Microteter plate reader T Antioxidant 11 lAML8D9gNT
=~ . v A Q(w 1 <3 Y A 2+

M3) reduction power lAgHINAIIANANGNTAINAIINN NaglRAIMIgANAULEIVEY Fe' 1N

A 3 1 Y 9 24 A Y] A a o [
AMNUEA0NNUTUMAANWUNTUYDY Fe (‘ﬂﬁilﬂﬁﬂ‘l] 1 mM FeSO4) NMHANNTITAIVYNIN 1

%

yaansy 3en Equivalent concentration (EC)

4.3.4 Lipid peroxidation Method

9
~

am A A~ 1 & . o YR} dy
ITULTINTYDONDYINT U Beta-carotene bleaching model N1 aaae lUTl

9
MTONEITAZANY Beta-carotene 1 4aansy / aaans Tu Chloroform wazihdsazaneiiun

a o

a aa Y a . . . a a o a Y Y o Y
2.0 Uaaang Laied Linoleic acid 50 ¥aan3sy ag Tween20 50 Haansy ENVI,“]J ﬂui‘l’ilﬁlﬂﬂuuﬁﬂl

Y
o A1

A
o o a Y
u’]hlﬂﬁ\ﬂ]u water bath [3RNgRIRY 50°C AUIUFITAZAYIIN Lla’)!@uu’]ﬂN’IUﬂ’ﬁiﬂ oxygen H1U 2

109 a9l wiouauusanazld emulsion ¥emulsion 114 180 luTInsans waudy ensazane

a o a

YoIEATANARIDENKIodITazaINATTIURANMdNdY 1 Tednsy / dadans Swau 20

a YA A % 1o g
luTasans udriasimsaanaundsdie Microtiter plate reader 11 490 W1 Tumas Fumnuidunms

]
% =

Januingud (ODy,) ttaz¥1 plate 141 incubate 71 45 °C Aual 240 WA (0D, )

lumsnagounaiunulaen1sia Blank taz  Control  1AgtA3oY Blank 910015 19
Chloroform 11N Beta-carotene solution 1938 Control 91InMiwanti1 180 lulnsdas &g
emulsion 20 luTnsans e'ldsimsganaunaudlldinnlauiduiua Antioxidant activity

< 72 7w oA
(AA) Tlunfosidud Asgasdieail
(OD

) of control - (OD —O0D..,,,) of sample

TO T240 T240

% Antioxidant activity = 100 x

(OD.,,—OD ) of control

TO T240
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= Qd | a v d
4.4 M9 ﬂ‘]sﬂt]‘ﬂﬁﬂ)ﬁﬂ‘lh—ﬁ/‘l‘l&lﬂf’)!"ﬂﬁﬁ

= 3 a 1 70 Yala L= 2 o
ﬂ']'iﬁﬂH"Iﬂ?]13JL‘IJuWHﬂ@L‘ﬂfaﬁi%ﬂﬁﬂmiTgﬁﬁﬂﬂ MTT assay Fanaulasnioin Alley iy

1 IS a 4 v dy
Amy (1988) taMInaasuiy 2 Uszianmurtiaveswas aane il

= qd I a 1 d <
4.4.1 msﬂnmqmmmgﬂuwyﬂawaamm

¢ 3 g y= A S I o Y ¥ 1 A s 3 & ~ax
aanziSanlganuIne waanmam"laimg (Caco-2) WIBKrAaNI31INNAQN (KB-31) %3175

Y
m3sanuIdaae 1l

1.

10.

11.

12.

Y
MM3Read 1 tissue culture flask V1A 25 Jaaans 14 Dulbecco Modified Eagle
Medium (DMEM) supplemented A8 10% fetal bovine serum 1% Penicillin/
Streptomicin mixture (10,000 units/ml) (481 0.1% nonessential amino acid

a =

Y 1
1Ty incubator neldgamail 37 esruraiFod ANNTY 95% TuussIMANT 5%
J a = ~ o dy 4
CO, [ad a3 YIUTN313890 211 monolayer TuoMsdeuwad
W1M13 subculture 1HAANNY 5-7 JU H309INMIQHIUNADIYANTIAMIIUFARNNIITT Y
Vo & e A A g

wazuauuswRsuno AN IFUL

A ) = a a o 79 ¥ 7
worsaan g lumsnuiimsnsylssmns 80-90% aziimsusniyan liiluead
A o =~ 9 YA (a 4 o ]

1987 wazimsessusan W uUsue 8 x 10° cel/ml 111111811 96 well culture plate

a a 4

viquaz 100 Tulnsans (n=3) 92 l141S1nauead 8 x 10 cell/well

' { 7 PR o

11 96 well plate 11 37 °C Tudoumsvou lavon loaiilunar 24 ¥ Tuq

a e PR o A ¥ Y ' Yy
uoMseuaanlasanannnsaNututuaegad ldluuaas well 1¥iianu
Wudugaioves asanaeglusas 5 - 100 lulasnin / Jedans  Tagld DMSO
Frgaza1e LazAUINTUYEI DMSO gaga liinu 1.0 %

a dy S Yy Y A g A A 1
AR MITIAeAa N DMSO AMuAudY 1.0 %aslunquitilu Control (Aovaud i
= ]
Na1snaaooy)
o 1 A a o) 9 g J 3 )
#1N151W 96 well plate Apfigaiigil 37 °C Tugmzi@ousaaiilumal 48 214
o a 4 a, o Y rr’ay
MNMIATIVNADUNITTOATINVDUFAA 1AIT MTT assay 1Al 1010111500500 N
15119 100 uL/well A28 multi-channel pipette
a a o ] Jd {
AN MTT dye solution USmms 15 pliwell wazimstmaaagen 37°C ludou
7 PR o
msveulasen lsaiunar 4 42Tu9
v 1 Y Y v

#M3ad plate iivore1dnlaNananun maouamWIZHAN formazan AABENAUNAY

1#3 DMSO UTunas 200 uLiwell udwauliidnny



13.

14.

18

o v { 4 [ 1 a
ilifadimsqanaunasiinnueninay 540 nm uaz 1% 630 nm 1Hua11909 Taald

11509911 law (ELISA reader)

AAA J

o 1 A Aw ! ) 1 J 3 J
u1ﬂ’]ﬂ1§ﬂﬂﬂﬁuuﬁﬂﬂ')ﬂhlﬂhlﬂﬂTH'JmWTﬂ1&ﬂ95l“ﬁu@ﬂ15u%3@lm@%"ﬁﬁﬁ (% cell

9

viability ¥59 % cell survival) aanuaaaluaymstneaiati

AUNAEVDI OD NUGUNAADY

% cell viability = X 100

AUNABVDI OD INHGNAILAY

d
d
442  msanngnianuiuiivaeraailsnd

s adq Y= A . A Aan = o g
waalsnanlsAnino Peripheral Blood Mononuclear Cell 159 PBMC 1smsfnaae Ui

1.

10.
11.

o < y ]
Wimsuenadiiadeavnnndeavesysd  Tasmsilutenauanuuana1aves
AMURUNUY (Density gradient) Taely Ficol-hypaque solution (Sigma, MO, USA)
4 7 { '
el lAlyadiiatieav1IN38n3 Peripheral Blood Mononuclear Cell #38 PBMC
) [ 4 o = L a ) 1
dmsuas PBMC lavimswsouaad 1nndTune 1x10° celmL 1110 1a T 96 well
a a 4
culture plate wauaz 100 lulasaas (n = 3) az'ldvSuauaad 1x10° celliwell Taald
Y [
91M15108%aa RPMII640 N1 10% FCS, 0.5% Penicillin/ Streptomicin mixture
(10,000 units/mL) t421£0.5% glutamine stock (200mM)
1] H d Q')
111 96 well plate 1 37 °C Tudovmisuenlasen laailunar 24 47 Tus
a dy Jd (a A [ 1 a Yy 9 9 '
AV IMITIABIaaUTIY 100 wiwell NNeNTAdAuaazatialuaNududUgaiiveg
Tugaa 1100 lulasnsy /diadans
a I S G Ya Aq v o o
wve e mIen1nl 1% DMSO adlunquinldiluvgquansananiugy
. A IA Ay 1A '
(vehicle control) ‘ﬁiﬁlﬂﬂﬂﬂqn%]‘li\li\lﬁﬁ%ﬂﬁaﬂNE‘TSJE]Q
] [ 4 3| o
11 96 well plate #of 37 °C ludoumsvonlasenloaiilunal 48 $11uq
o y o’Q" a . .
HueremsiaoasaanayIus 100 ul/well A28 multi-channel pipette
A . A o 1 S A [e) 9
1Ay MTT dye solution USuas 15 uliwell nagsimstivwaanen 37 °C  lugou
< v
msveu laoen loailunal 4 ¥17ua
o N A ' 2 g A 1 = a Ay
M1M3ah plate tivore1d I lanaianun 1aBUAIMWIZHAN formazan AABYNNUWAN
(A3 DMSO 153198 200 pl/well dwery lifdn i
o v { 4 I v a
iliammaganaundaiaiueninay 540 nm uaz1d 630 nm Humd1ees Taeld

1A39901UD 1aw (ELISA reader)
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o 1 A Ao Y o ' sl o AAa 7
12. uTﬂTﬂTiﬂﬂﬂﬁulLﬁﬂ‘VnﬂllﬂulﬂﬂTleﬁ"lﬂTLﬂﬂiLGﬁuﬂﬂTiN%’J@]ﬂlﬂ\u"ﬁaa (% cell

. .oge A . v L!' 9 1 dy
viability ¥15® % cell survival) aanuaag luaumsiea1e

AUNTEVDI OD INUGUNATDY

% cell viability = X 100

AUNABVDI OD INHGNAILAY

45 msAa@endlet sy IwsTimanzan

a( a 9

Tagihmsdszitiunnwanmsnaaes Taginsanandiuvesiasilngnigs Wudos

[ o a d! a [ U A A o 1 Y a Y 1 a'.l

N WA S e FIINMINNTANGINEIAWITNAeNNIAI08191A 5 wila Tdun Tudss
1 A =) L= A = o w 1 A o’/’ a =

Tuazszuni waenwaiuiy luiuny wazlusida Juhdedavesiyie s aia Tudnulu

Y
Tuaouae 11

[ U A d'u A
4.6 myanauandunsayulnsnaamen
o v A d' [ = :ll a as [} = [
Tagmsuenanaiyayu Inshdam@onis 5 vila  1ae35 Maceration 1HURGINUNS
a ' "o = Hq A7 ' A
17583 Ethanol extract UALANANAUATIN solvent N1F 9ZITUAILA non polar solvent lalyTaany
. A ] o A Y

polarity IELE o Taeld solvent Miaviua 4 wia 1éun n-Hexane, Ethyl acetate, Butanol, (/a1
Methanol TA8nsH3in1u solvent iaazwiinvz 1a1uazs 11U cycle IAUMIIAT oY Ethanolic

Sy Yy 9 9 Ay v o ' Y o
extract 71 lanaudad1edu  Tasmnayulnsfldanmsndn solvent nouniagiitlilszmere

v

solvent noUNTIOON IHMNANDY 1A239MIIN solvent ¥aAe U Hurutivunsudedreayulng

Y Y v
14 5 wiia azild ldansadauenaiunanua 20 Fractions aataadluaisian 2-2

47 msanngaaniamniiesduvesmsanasenadu
v 4 Y
Tagshensanauenadunlans 20 siia  lildimsAnuquauianiidesdu (Markham,
[} [ (% v 9 1 dy
1982; Harbone, 1973; Wuniu ymozilszaas, w.a. 2536) luiideselii
. . . 2 g
471 Chemical coloring reaction test auvaily

4.7.1.1 Phenolic and Tannin Test

v
A o

Y
A, o Y] Aa A [ a o Aa Aaa < a
Wi lasiansana 100 Haaansy MUANAEITOU 25 UaAaAT AUITULAUAN 10%
NaCl 1.0 4a8an3 (119 salt out 8139 1319 tannin T anaznousaNU) NT04 LAz 11 filtrate 1119

Y
ldviaoanaaes viaeaay 1 Uaaans Adll:-
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S asasausna il
1 asanaluaeszuriain Hexane
2 fsanaluasszurun Ethyl acetate
3 asanaluaesziriiain Butanol
4 asanaluaesziiain Methanol
5 asafalud$in Hexane
6 asanalud$aen Ethyl acetate
7 asafialud$a1n Butanol
8 asafialud$a1n Methanol
9 arsanalaennanunueIn Hexane
10 arsanalaennanunueIn Ethyl acetate
11 asanan/asnnanufiine1n Butanol
12 asanalaonwanufNuIn Methanol
13 #1590 lUNVNVIN Hexane
14 #1580 1UNUNUIN Ethyl acetate
15 #1509 luNUNVIN Butanol
16 #1580 1UNVNVI1N Methanol
17 d@15analus199A91n Hexane
18 #1501 1U3199A91N Ethyl acetate
19 #15ana115199A910 Butanol

asanalus1a9aain Methanol

20
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waoai 1 1Hunaeaniunu 1iidy reagent 1a 9

waead 2: 1AY gelatin 1% 5 1eA

Waenfi 3: ifiu FeCl, 1% 5 ¥ion

Wﬁi’)ﬂ‘ﬁ 4: 1713 Bromine water 5 1&9

WaoA 5: 1N Lime water 5 1169

waead 6: ¥1 Vanillin-HCI test Tnothensasaszmeniuduiy 5 neaveq 1%

vanillin in ethanol MALIAN 1 HEAVDY conc. HCI

msulama

=

nsal liinalnzen i FeCl, 1o 1aag31 113 tannin 150 phenolic compounds

A a AA

nstlinadiienonil n3ele10uA 1Ny FeCl, aganaznouny gelatin LAAIINT tannin

NAU catechol

Q

Y
= o

nIdlnad IS UAUNY FeCl, 1azANAZNOUNL gelatin L1A@A9113 tannin NN pyrogallol
130 gallic tannin

a Aa4A A A :’ a (% 1 [} % . ' 1= . 1=
INATFIVYINTDATUUIUNDY FeC13LL@]klilﬂﬂﬁ$ﬂ@uﬂ‘]J gelatin Llﬁﬂi'ﬂulllil tannin  UHIU
a15152n0V phenolic ¥HADY

lvina negative bl gelatin LY T3l any FeCl, aadad 13 tannin 1150 polyphenol
lma positive Ay gelatin waz 1Ry FeCl, wazlvina positive U bromine
water, vanillin-HCI test ue 1¥Ha negative 11 Lime water {ef9713) condensed tannin

9 4 .. @ . Yy g} a 31 a o w Y . @
1% positive N gelatin 1o 1HANIIU-1RUAINY FeCl, az 1¥ina Negative 11U
bromine water, vanillin-HCI test waz l¥ina positive iU lime water LERAII13)
hydrolyzable tannin

Y Y .. o Yy 2’ a ~ o = oa.;l
0 lvina positive NUNN test LAY TnmihSuonaeIiy FeCl, L1aA991UNY condensed

tannin 4181 hydrolyzable tannin
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4.7.1.2 Flavonoid Test
QSJ‘ dy 9 aaa Y o a 1 Y] ad A Y A
masnagouluduaoull levarslnsen uaniwannlsediusauny 35019 9 Alg N
Y
faao 11/l
1) Cyanidin reaction
Y Y
Tusoutl M lashansana 100 Haansy aza1elu ethanol 10 Hadans 1 laviasa

Aa aa a . < 9 1 1 A
NADBY NavAns 1 UADAAT LUASN Magnesium DNUDYNDUNYA conc. HCI ﬁazwamm”lmﬂu

Y o AA A 4? ~
10 viga ummmﬁamﬂmuiu 1-2 4N

msulawa

111 Flavones e liadudadung

Y A Y =K A A

131 Flavonols eI auaad duaafonun

9y A YA = KX A U

#1311 Flavanones v I duaadoaundadiiruysou

Y Y

#1311 Flavanonols wliaduinlumanaaeuil Wnaaousilae Pew test

2) Pew test

9 Y

Y
A, I~ A o ) Y]
WUt MTUNAEeY  flavanonols 138 flavonol-3-glycoside i1 laeniiansana
(e5azarelu ethanol) $1UU 1 0aaaAT VUAY zinc dust 0.5 NTU LA UAY 2N HCI a1'l1l 2 vea
HAZIVEN 1 WINNOULAN cone. HCI 10 1199

msulana

mamnaduaatuniely 2-5 w1 1aaad1l flavanonols or flavonol-3-glycoside a1

A YA
flavanones 130 flavonols 92 11891499

3) Chalcones and Aurones

Qddy 9y v W l Aq ¥ . .. . 09/’ S o o

5 lnageunUA2108199N 11Ha negative 11 Cyaniding reaction test YUADUNN IAg1
ATANANAZHIAAIY conc. HCI

msulawa

Y A . a a d! a A = 42’
013 flavonoids A lawiianitalu 2 1ia (Chalcones #3® Aurones ) 92131NNHALAIVY

€
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4) Udseniueng
Y Y
Tuseuiliilagina1sanaly ethanol 31UIY 1 UaaaNT VAN Ammonia TS NazHien

Y o ad a dgl
LHAIFUNATNLNAYU

msuilana

Y A Y A

914 Flavones, Flavonol, Xanthone g lamang

Y Iy 9

913 Flavonone e lvaauing

51ﬁ Chalcones and Aurones %Glﬁ}’?f YINUN
v

5}13‘3 Flavanonols %ﬂﬁ’ﬁmﬁmm

5) Anthocyanins test
Y Y
Tuaouiii Iagrhasadialu ethanol $109U 1 Tadaasuudy 2N HCL 1 wea o1%
. YA Y a . ~ [ ~
Flavonoids 9¢ 1 @ua9 1a3A9891A% Ammonia TS Nazvion tazadunamsiasunilas
msulana

Y a L a A & 2 a
013 Anthocyanins @v211/asun uag Wy 11w

6) Leucoanthocyanins

2 Y

Juaouiiiilagthensanaly ethanol :11IU 1 HadanIuUAN 2N HCI 2 Hadans uad
@?])11611! water bath

msuilana

Y A . Yy

213 catechin 9 1% d yellow-brown

Y A . Yy .

014 leucoanthocyanins v liduas vo4 anthocyanins

4.7.1.3 Determinationt of Total Phenolic Compound

Y
o

TunouilinlaeaanilasnInITued Sato uazame (1996)  Tagiiasanaly ethanol N3

De

Y k4
9 9 a A [ a Aan a a Aaa a o a Aan v a .
ANUVNUY 1 HNTY / UAaaansg USua 1 Jaqaas wuaui 9 waaans NNUULAN Folin-

Ciocalteu reagent ael1l 200 luTasans udane1d 3 uid AowAn 2% sodium carbonate (Na,CO,)

A
asll 600 lulasaas vt e 1@ae shaker wiu 30 Wil Nguugiives uaziilliam
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9 Y

' A A Y, . anaq Yo & .
AMMIQANaULEIN 750 1 Tuwas TaegldMicrotiter plate reader 35419111184 negative control

=1

nlSeumeuan' 160y Standard Gallic acid (MANUIN-N)

4.7.2 UV & IR spectroscopic method
3 dy o o [ 1 d‘ = = ]
suumauumiﬂammsﬁﬂﬂimmax Solvent h],‘ﬂ scan IWBANHINITAANAULTI UV GLHGH’N

200-400 nm @Y IR ¥11M13NAa0911%29 Wavenumber 11101 400 — 4000 cm’*

4.8 MSANMIGNE Antioxidant YoIMSANANLNTIY
1 d' 2/' ) o Q( Aad
Tasthasadauenaiuilane 20 vila lUvimsAnyigns Antioxidant Taeld 4 35 Ae
DPPH Method, ABTS Method, FRAP Method 1482 Lipid peroxidation Method #iusuiaeInylu

Y v
TUAOUN 4.3

< ad S .Aa v J [ 1
4.9 fniﬁﬂ‘kﬂq‘Vlﬁﬂ'ﬂ?»l!ﬂuW‘Hﬂf’)!cﬂﬁﬁﬂli’)Qﬁ1iﬁﬂﬂ!!ﬁﬂﬁ'ﬂ-!
o o 1 ~ 9}3 a o = = I a 1 4 3
TﬂﬂuTﬁﬁﬁﬂmLﬂﬂﬁ’Ju%qﬂﬂﬂ 20 BUA ]'l‘]J1/]"IﬂTiﬂﬂ‘H"Ii]'VITJﬂ???JL‘]JUWH@@L“]SﬁEI?J%LiQLLﬁ%

4 a o ] = [ qu/ d'
waalsnd Ausu@ernuluduaeun 4.4

4.10 msnaaendegsayulnseih llanauanasd iy
v 9
Tagihimsilsziiuainwamsnaasaninauvesnaiida@enung 5 d10619 Tagioisan

[ P 1
nndruvosisnIignige Awdes midw  $wau 1 wta  Faamsiosanaina i

[
=1

v A o < A 1 A A =2 o w Il A v '
BEERERIRIRIGIRI 1UPJ5\1 WUNFLAZFIUVOINFNH VT TUN A ﬁNunﬂ?@fﬂQﬂl@QW%ﬂﬂﬂaYJqﬂ

q

Y
mmsanu luduasuae 1

4.11 mynaseuieuanmsd eIl
dy T < QBJJ A
Msnaaodituseoniy 2 Tuaou Ao
A v
4.11.1 MINAABAUUIINY

E4

:/l 1Y dy 9 dyo di 9 A o o @ 09: [
Juppumsuenana ludesduiiiniomdoyaiimsuenasding luduaouasl Taglu

u

a A

Tunouilesduiild Column chromatography 3 ¥UA AD
1. Normal phase column chromatography (NPCC)
2. Reverse phase column chromatography (RPCC)

3. Size-exclusion column chromatography (SECC)
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Tunecc 181% siliga gel 60 ﬁ%wm particle 40-60 micron and 63-200 micron i
stationary phase taz 19 mobile phase gﬂllﬁi non polar solvents ll‘ﬂq polar solvents ﬁﬁﬂﬂulﬂﬁy
Hexanes, Hexanes-Ethyl acetate, Ethyl acetate, Ethyl acetate-Methanol (8% Methanol

Turecc 1819 reverse phase siliga gel (RP-18) W stationary phase 1ae 1% mobile
phase é;\i!,m' polar solvents ulﬂfci non-polar solvents @Qfﬂﬁ'i’)klﬂﬁ Methanol, Ethyl acetate-Methanol,
Ethyl acetate, Ethyl acetate-Hexanes, [11¥ Hexanes RIS TN

Tu secc 1814 Sephadex LH 20" 11l stationary phase 1ag 19 mobile phase D Methanol-
water L1 Acetone-water ATMA1AL NN regenerate column @28 Methanol Vgﬂﬂgj 1 11 Fraction ‘17]
1on'la lnaae Antioxidant activity 1ag ABTS Method taz1i1'lUfny1 HPLC Pattern i1 Taol%
Mobile phase Ao gradient system 1IN acetonitrile (A) 1A 0.1%phosphoric acid (B) @4
TwazBoalunanedi 2-3 MU fraction A1 HPLC pattern AAWAUTIAIOAY 1187

Y 1
NAFOL Antioxidant activity 9NATINIA

15191 2-3 AR 18aID8AYDS mobile phase NF U HPLC

Time (min) %A %B Flow rate | Injection volumn (ul)
0 10 90 1.00 20
10 10 90 1.00 20
20 20 80 1.00 20
30 30 70 1.00 20
40 40 60 1.00 20
50 50 50 1.00 20

Detector: UV 360 nm.

4112 msusgnasangy
H g o 0 w Yy 2 o Ly
msnaaedlutuasutiflunmsusnanaasdiay leslddoyadininninaasuiiody
QIQ' ) o o Y] o 9
Tae1a15u910715101 Methanol  extract o9 1UAI 311721 20 a5y wviimsuenTaelsd Flash

= = 1 dy
column chromatography Taelisieazideans 1l
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: Cosmosil 75um C18-OPN 300 g.

: Column size: diameter 6 cm, height 25 cm

: Mobile: 5%, 20%, 35%, 50%, 65% and 100% methanol
(1500 ml/solvent, 111 100 ml/flask)

Y
NNUIMAaE Flask Mnaaeulag TLC (RP-18 F,., ; methanol : water; 1:1) A3

254s
H H 4
Fraction 1% TLC pattern Adnenu 1ihdeiu 1hansanansiula linaaeugns Antioxidant Tag
A (% 1 d' Y Q(dd' d' o qgj 1
DPPH Method taonaisanadiuildgnianga merimsuenluduaoude 'l
y 2 P
1110991NHAYDI DPPH WU Fraction C, D, 1Az E Hgnigenmuad1ay 391194 3 Fraction

P v
yihmsanauenasuigns aee il

<
MIUYNUIGNTA5aNA Fraction C

N1TLLEYNET13910 Fraction C ﬁlniﬂﬂmﬂ‘%} Sephadex column chromatography Taeldau
vosmsaRAs L 1.0015 ndy lusieaziSense' il
: Sephadex LH-20 100 g
: Column size: diameter 2.5 cm, height 100 cm
: Mobile: methanol 2,000 ml, acetone:methanol 500 ml; 1:1 and acetone 500 ml
(iU 100 ml/flask)

; methanol : water; 1:1) 182591

254s 2

v
Miuiaag Flask linaaeulag TLC (RP-18 F

4
A

Fraction 1% TLC pattern ad1eiu hdreiu  shusazensafadisan 18 luimsuenldusqns
Tag 1% Column chromatography °1uswazl,§ﬂﬂ@ia"lﬂ5

: Silica gel 60, 230-400 mesh 10 g

: Column size: diameter 1.0 cm, height 20 cm

: Mobile: hexane:ethyl acetate; 1:1, hexane:ethyl acetate; 3:7, ethyl acetate, ethyl

acetate:acetone; 1:1, ethyl acetate:acetone; 3:7, acetone, methanol
(Gl,“]af} 50 ml/solvemt; Lﬁ‘u 10 ml/flask)
niuthudas Flask Tinageulag TLC (RP-18 F

,s4 5 Acetone : water : acetic acid;

2:1:0.1; 10% sulfuric acid spraying reagent) 1183593 Fraction 1% TLC pattern AaeY 1A eY
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<
MUENUIgNTaNsana Fraction D

NTUINET15910 Fraction D LéﬂJTﬂﬂmﬂ% Toyopearl HW-40C column chromatography Tao
Wdnvesmsadaiuag 1.8040 nfu TuswaziBoade i
: Toyopearl HW-40C 100 g
: Column size: diameter 1 cm; height 70 cm.
: Mobile: 5%,10%,20%,30%,50%,70%,100%methanol
(Glalaf} 150 ml/solvemt; lﬁ‘]J 10 ml/flask)

%1ﬂl§1§ﬁ1ll§i ag fraction NAgoUIAY TLC (RP-18 F,.,. ; methanol : water : acetic acid;
1:1:0.1; 10% sulfuric acid spraying reagent) 1182593 Fraction ﬁslﬁ TLC pattern AdeAY 1A
thugazansatiafism 1§ lUimsuenldusanslaolsd Column chromatography  lusieaziden
dolalii

: ODS column chromatography

: Column size: diameter 1.0 cm, height 20 cm.
: Mobile 5, 15, 25, 50, 100% methano

(11 10 ml/flask)

4
MNAHUIIRAY fraction NAae 1ag TLC (RP-18 F ; methanol : water : acetic acid;

254s

1:1:0.1; 10%sulfuric acid spraying reagent) 1142593 Fraction 1% TLC pattern AR 1nAeY

<
MIUENUIgNBaNsana Fraction E

MISUENE15970 Fraction E  15uTaon1514 Cosmosil  75um  C18-OPN column
chromatography Iagl¥aiuvesasanasiuiu 1.133 a5y lusivaziSoade i
: Cosmosil 75um C18-OPN column
: Column size: diameter 1 cm; height 70 cm.
: Mobile: 20, 30, 40, 50, 100% ethanol
(1111 10 ml/flask)
mmfuﬁm@iaz Flask linaaeulao TLC (RP-18 F,, ; methanol : water : acetic acid;

1:1:0.1; 10% sulfuric acid spraying reagent) 1182593 Fraction 71 TLC pattern AdeAY 1A
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Yy a =

ﬁ%w}'az’s’fﬁﬁﬁ@ﬁﬁTlilulﬁnlﬂﬁmﬁLLﬂﬂiﬁUi’s’!ﬂ‘ﬁIﬂﬂi% Column chromatography 1151801980
st il

: Cosmosil 75um C18-OPN column chromatography

: Column size: diameter 2.0 cm , height 12 cm.

: Mobile 25, 50, 75 and 100% ethanol

(1A 10 m/flask)

MNUUIIAAY Flask TUnaaeulae TLC (RP-18 F ; methanol : water : acetic acid;

254s
1:1:0.1; 10%sulfuric acid spraying reagent) 1143593 Fraction 7 1% TLC pattern AR 1AeAU
waazasananila limsuenl¥usgnslaoly Column chromatography  lustoazidua
ol

: MCI gel column chromatography

: Column size: diameter 1.0 cm , height 53 cm.

: Mobile 30, 40, 50, 60 and 100% methanol

[
(1Y 10 ml/flask)

Y
N eas Flask linaasulag TLC TLC (RP-18 F,.,. ; methanol : water : acetic acid;

254s
6.5:3.5:0.5; 10%sulfuric acid spraying reagent) 1142593 Fraction N1¥ TLC pattern AdeY 191
awnu  dwaazarsananswld llimsuenliusgns laeld Column chromatography — 1u
s1wazideane 1l

: Toyopearl HW-40C column chromatography

: Column size: diameter 1.0 cm , height 44 cm.

: Mobile 50, 53, 55, 57, 60, 100%methanol and 70% acetone

[
(tNU 10 ml/flask)

Y
NATUNARE fraction naaov Iae TLC (RP-18 F. ., ; methanol : water : acetic acid;

254s

6:4:0.5; 10%sulfuric acid spraying reagent) 193 fraction N ¥ Ao UM dA I8

4.12 msmigasiassadigvesmsdingynludis

o
PRl
o

GBJ} dy Y o a aA 9y o A Y
‘luslluﬁf]uuhlﬂu']ﬁ"liuj"qwﬁﬂﬁﬂﬂll@ 3J’|‘V]’]ﬂ’|51/]@a@\uwlﬂﬂ’]q@iIﬂﬁ\?ﬁj']\iﬂ]@\jﬁ’]j

J ég [ 1 :? Y A A ' v 1 c:
miamiu lumsnaaesainantez lsnseslionis 9 m@m"lﬂu
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4.12.1 Melting point apparatus
4 4 . . 0 o l Aa <3
TagefBT 09 Yanako melting point apparatus ensdedelsuaantiosns
A v v y A y £ A = ad o q 2
“]J‘L!Lﬂi’E'JQiﬂﬂ'ﬂhﬁﬁ]uLL@’JLW?J?]’JHJEE]L!SUL!H’E'JEJG]i]ut]ﬂqm‘l’i{]h‘ﬂ“lmcl,ﬂﬁ'lilih

v
Y o a o
navUIUASAIYIUA umuuﬁﬂmﬂqmwgumm

4122 FTIR
Taeo1AenT09 JASCO FT/IR-230 spectrophotometer 1A811a15A208191/53194
3 9 A A A Y o A A
ANNDIINUUNAUNTONUITYAIVOUATDINGIN prove  DINIATOIAINWAST

3118299981013 scan ¥39 4000-600 cm’’

4.12.3 EI-MS
Tae1deIAT09 JEOL GC mate: EI-MS  Tagitansateesazate]u methanol

° 3 v Y ' Y o Y A o
TUIULNUDY Llﬁﬂiﬁiuﬁﬁﬂﬂllﬂﬁ NDUUUVUATOIIA

4.12.4 'H-NMR
TasthasdietlSinananiesazaislu cp,0D Swawdnies udaldlu
viaeaut noutiutunTeeln Tagedeinsoe 'H-NMR (400MHz, CD,0D @115

compound 1 118 compound 2 11a% 600 MHz @ MY compound 3)

4125 “"C-NMR
0 @ ' a <} o < 1
Taghensalegilsinananiesazatelu cp,oD $1wwaniles udalalu
naoaui nowiudunsesia Tasefeined "C-NMR (100MHz, §11151

compound 1 t48¥ compound 2 4a¥ 150 MHz LAVERT compound 3)

d d
4.13 M3ANIGNT Antioxidant VOINIUIGNT
o a A v o =2 = . . Y a A
Tagihensusgninuen’la lUiimsfny1gns Antioxidant Taeld 4 35 Ao DPPH Method,

ABTS Method, 1482 FRAP Method isisagdny luduneu 4.3
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£ Qd | a v d a Qd
4.14 fniﬁﬂ‘kﬂq‘Vlﬁﬂ'ﬂ?»l!‘ljHWHW@!"Hﬁﬁ‘lﬁ)Qﬁ]iﬂiq‘ﬂﬁ

[
a2 A

o a QJd' Y = . . .. o = = I a 1
TagthensusgnsNIRgNT Antioxidant activity anga  limsAnignianuiluniyse

/s g & ~q ¥ ¢ 24 g s g s a o
LFAANSLIIN (1umu@®uu1mmaa KB-31 mtﬂumaamgﬂﬂmuﬂqﬂ) Llagl%ﬁﬁﬂﬁﬂﬂ m

oA o =
wudeInuluduaeun 4.4
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UNN 3
a d
NaNINAAdAZNITIDNTINE

= (Y QU v A
Nﬁﬂ15!ﬂﬁﬂuﬂ15ﬂﬂﬂﬁﬂ1ﬂﬂ1ﬂﬂ?ﬂﬂ"lﬂ‘l/‘l“]fﬂﬁgull‘l"ﬁ
[ A A ad A A d' o 0o Aw 9 a Y]
nnmsfamoniyayu Inslaedsan q aunsadeniyihwiiteld 26 wiia
~ [ A A ) 9 [ = 1 Aa A 1 [ [} A
uaalumsen 1-1 - drwvesnsndunlslumsanalunwinazsialnnuuanaeny  Isuny
Aa 9 1 Aa 9 1 o ¥ Aa 9 A A <
vesdalmamednly vrsialdadiwvesluvazdan visialdadiuveudasnnansewan
< v A A A \ A Aq Y cw A A o A
Huay  msaenrianyazdIUVoINTN 1%IumMsIeH 1@onN191n 3 Hanms Ao 1) Random
v a I {
sampling Aevindie / Hulsuasnn / Wuveandely 2) Chemotaxonomic approach Aol
J
51&1011&’31&]‘1/]‘]5 antioxidant (18¢ 3) Ethnopharmacological information ﬁa“lé’fim’fayjamﬂ local
Y Y
knowledge Tumstinelddruvesayulusuihimsnaassianua 43 dedn (Aaaasluaiig
1 ) Y Y Y
M 2-1) Weiie 43 dredrauimsana 391718 crude extract IIWMIAUTIUIN 43 il
[ 1 Y @ S o Y A v A 1< 2 S A A g’ A g’
navesmsananu ldensananenuisnvaslndifesiune uvesnudsdilendmiotima
a1 uallSunaasadareun lauanaany Taolia1 % yield ogluse 0.46 — 17.52 %  aueaa
Tugsei 3-1 Fa584 % yield vesmsanannunlilides  naseasnannuId iy
d' 9 [ a d' A A a Y Aa [
ayulnsh ldmsadanelSunugeagenoldoniivewanznga  TaeldSuaasananey

=<
0 17.52 %

MINN3-1  Haad % yield VoI sananeny

o o A , , Y (M53)
aun Yoy aIunly = - o Yoyield*
Ny¥an NYUNN anana

1 ugnIA HIwa 90.00 27.00 4.73 17.52
2 azlad Mduni 550.00 | 100.00 16.37 16.37
3 naY nlaenwagn| 130.22 14.82 2.14 14.44
4 Andauny Tu/grdu 190.71 32.32 4.00 12.38
5 (FO991 Ty 500.00 150.00 17.88 11.92
6 Anud? Ty 64.59 15.22 1.76 11.56
7 U Ty 200.00 | 100.00 11.27 11.27
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HIHUD (D5N)

il Sovi aniild = - - Yoyield*
NY¥an WYUN a1ana

8 RN Ty 62.80 11.50 1.28 11.13
9 1 laenma 300.00 100.00 10.68 10.68
10 azlad Ty 325.00 80.00 8.04 10.05
11 Trisew Ty 128.20 22.50 221 9.82
12 ale an 265.00 132.08 12.66 9.59
13 LR Ty 400.00 | 200.00 17.40 8.70
14 wg vl Ty 900.00 | 400.00 34.64 8.66
15 naY ilaenay 220.00 50.00 3.83 7.66
16 WA n 2,800.00 | 400.00 29.99 7.50
17 uNgA Ty 700.00 | 350.00 25.97 7.42
18 7ana aenwa 620.00 | 400.00 28.85 7.21
19 AvIUNU fdu 27.40 5.00 0.37 7.04
20 hnaneles Ty 800.00 300.00 19.45 6.48
21 Uy laenay 500.00 150.00 9.31 6.21
2| Buih T 157.90 52.00 321 6.17
23 NZOU Ty 1400.00 | 300.00 18.26 6.09
24 NILING Ty 173.37 42.85 2.59 6.04
25 NI waenlu 670.00 | 250.00 14.51 5.80
26 ADINDY laenma 126.50 50.25 2.87 571
27 Thsgm fdu 51.40 20.00 0.97 4.85
28 azlad M 400.00 | 100.00 4.74 474
29 azlad duan 550.00 - 25.64 4.66
30 Hs HaAy 1,100.00 | 200.00 9.29 4.65
31 51999 Ty 1,000.00 | 200.00 8.93 4.47
32 TUNL wanau 400.00 100.00 4.46 4.46
33 LUENM Fad 700.00 100.00 434 4.34
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o o A . , A (P5%)
anun Foly AUy = - - Yoyield*
NY¥an WYUN a1ana

34 1Fe9a fdu 800.00 | 250.00 9.77 3.91
35 ATLINT fdu 80.75 22.76 0.83 3.65
36 Hng Ty 200.00 80.00 2.45 3.06
37 @5 1aenwa 668.73 | 105.65 2.75 2.60
38 uzn3a ddu 450.00 | 250.00 4.92 1.97
39 hnaneles | drdu 650.00 | 200.00 3.07 1.54
40 uAans laenma 552.63 58.62 0.82 1.40
41 nNszou Hnoou 800.00 150.00 1.80 1.20
) LR §1du 100.00 50.00 0.56 112
43 azlad luera 325.00 - 1.50 0.46

Y v v Y
* uanimiinisais enduddun 29 tag 43 Amuamihminiyan

WaNSANBIRNS Antioxidant YOI 5aNA

] k4 4
Nﬁﬂﬁﬂﬂﬁ@\ilﬁ@l&'lﬁ'liﬁﬂﬂﬂ\‘l 43 ¥UA INATDUYND Antioxidantiﬂ&l“lmﬂ'liﬂﬂa@\i 475

Ao 1) DPPH method, 2) ABTS method, 3) FRAP method (18 4) Lipid peroxidation method Tagm

v 7
FInONT Antioxidant V0LAAZIT AD IC

50°

TEAC, EC, 10z AA audwy Tasfian IC,, S1duians

¢ 1 1 4 Q' Q‘{ 'Q' 1
5\‘11]‘1/1‘5 antioxidant g mumﬁu il El\iﬁj\mﬁﬂ\iﬁ\‘iﬂﬂ‘ﬁ antioxidant 16959 HANTNAADILAAIA

IC,, TuMm319N 32 A1 TEAC uaadluaisngi 3-3 A1 EC taadluaisnd 3-4 1ag A1 AA ueag

lua1319n 3-5



13199 3-2

<
HAAIYNE antioxidant VoIMsananaaeulagIs ABTS

(1389 UMNANINISTI)

TEAC (mM/mg)

deui dIUVRINY — —
RG] AVVYIULVHUIATZ I
1 {5s ) 4.908 0.050
2 nunu (laenwadw) 4.066 0.009
3 nunu (lu) 3.366 0.008
4 11z (1aenwa) 3.074 0.003
5 Tana (asnwagn) 3.001 0.016
6 d'le (waa) 2.585 0.002
7 az'lag (51039 2.307 0.012
8 HSe (@) 1.955 0.016
9 geseunu (u) 1.844 0.030
10 nade (1laenrani) 1.795 0.038
11 nszau (#n) 1.713 0.033
12 51990 (1) 1.663 0.011
13 wzwin denl) 1.530 0.044
14 nszns (lu) 1.483 0.030
15 g (lu) 1.464 0.020
16 nszau (lu) 1.430 0.007
17 wznga (§1A1) 1.374 0.009
18 B3 () 1.346 0.014
19 ugngA (W) 1.202 0.034
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TEAC (mM/mg)

S AUV INY — —
AlNag AVVYIULVHUIATZTY
20 Wuhu (udanaay) 1.184 0.003
21 Andaumy (lu/drdu) 1.062 0.087
22 weaa (1u) 0.902 0.052
23 H5s (wad) 0.898 0.008
24 ndae (uldenmagn) 0.880 0.048
25 Triszw (u) 0.877 0.010
26 ATZINTT (F1A) 0.877 0.004
27 upaana (u/didw) 0.850 0.022
28 Tnszm §rdu) 0.783 0.022
29 wgnga (lu) 0.781 0.013
30 oA (§141) 0.718 0.027
31 uddans (1laenma) 0.685 0.021
32 fnuds Auddw) 0.673 0.044
33 hnzanalas Gr1dw) 0.648 0.047
34 az'lad (luwia) 0.631 0.057
35 w@3d (aenma) 0.591 0.023
36 i (#n) 0.506 0.009
37 welvidu (lu) 0.491 0.011
38 hnzaieTes (lu) 0.397 0.022
39 avszund (§1du) 0.364 0.006
40 azlad @rduuia) 0.324 0.014
41 azlad uaa) 0.301 0.016
42 azla @rduan) 0.260 0.020
43 apanes (asnma) 0.207 0.002
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M 33 uamq‘n?’é antioxidant Yesasananaaevlngis DPPH
(ﬁmﬁﬁfvmummuﬁe)
Vo 4 , " IC,, (mg/mL)*
a1aun AIUVIINY . 3 T A
AlNag ANV VHUINTZTY
1 nunu (laenwadw) 0.003 0.002
2 nunw (lu) 0.006 0.002
3 11z (1aenwa) 0.006 0.003
4 d'le () 0.010 0.001
5 {5s ) 0.013 0.006
6 Wana (ldenmagn) 0.023 0.007
7 g (lu) 0.031 0.004
8 Aae (1dennany) 0.031 0.009
9 H5s Edu) 0.044 0.008
10 wgwin denln) 0.047 0.005
11 aeseunu (lu) 0.049 0.002
12 51990 (1) 0.051 0.001
13 uaaana (lu/ddn) 0.055 0.010
14 nszau (lu) 0.057 0.019
15 nszau (#n) 0.063 0.002
16 azla3 luaa) 0.073 0.024
17 Andauny (lu/ddu) 0.074 0.010
18 nszns (u) 0.078 0.011
19 uddans (1laenma) 0.084 0.036
20 azlad uuia 0.089 0.008
21 ATLINTT (181) 0.094 0.018
2 H5s (madn) 0.098 0.012

* 519021DIANTUNIANUIN-Y
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o v A \ ~ IC,, (mg/mL)
a1aun AIUVIINY T 3 T A
AlNag ANV VHUIATZTY
23 azszuny (§1dn) 0.102 0.002
24 w@sd (aenma) 0.104 0.014
25 tm31 () 0.104 0.017
26 ndae (uldenmagn) 0.105 0.005
27 Trsew (1) 0.118 0.013
28 hnzanalas (lu) 0.119 0.007
29 az'lag (510379 0.120 0.012
30 wznya (lu) 0.133 0.016
31 hnzaieles (G1dw) 0.135 0.015
32 weea (1) 0.146 0.031
33 welvidu (o) 0.170 0.026
34 Tnszmn @1du) 0.177 0.020
35 wznga (§1A1) 0.185 0.022
36 wmn (@) 0.241 0.012
37 Anuds (wadw) 0.251 0.014
38 ugnIA (W) 0.256 0.011
39 Wuhu (waanaay) 0.307 0.013
40 oA (§141) 0.349 0.038
41 az'lag (r1duia) 0.423 0.015
42 azlad @rduan) 0.439 0.016
43 a04n0d (Waenwa) 1.291 0.001

* 519021DIANTUNIANUIN-Y
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M31i 34 uamq‘nﬁd antioxidant YaImsananaaevlagds FRAP
(1S9O UMNANNNTI)
S dIUVBINY — - (mM'/nL.g)
AlUNag AVVYILVHUIATZ I
1 Wne (laenwagn) 5308 0.129
2 NUNY (1aenwadan) 4.740 0.113
3 a1le (i) 4288 0.105
4 g (lu) 4.194 0.279
5 11z (1aenwa) 4.139 0.100
6 wgnin denln) 3.574 0.085
7 arszunu (§1du) 2.860 0.098
8 Tnszw §rdu) 2.604 0.105
9 uaaana (lu/ddn) 2.496 0.197
10 nunw (lu) 2.488 0.279
1 azlad Quuia 2.282 0.070
12 hmaneTles (lu) 2.134 0.043
13 apanes (asnma) 1.902 0.096
14 nszns (u) 1.860 0.200
15 {5e (1) 1.694 0.117
16 welvidu (u) 1.596 0.113
17 {59 (1dn) 1.531 0.113
18 B3 () 1.493 0.019
19 ndevioy (Waenwagn) 1.477 0.108
20 nszau (lu) 1.197 0.029
21 nszau (#ln) 1.177 0.025
22 deseunu (lu) 1.060 0.025
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o w a ' - EC (mM/mg)
a1aun AIUVIINY T 3 T A
AlNag ANV VHUIATZTY
23 ATZINTT (8181) 1.040 0.041
24 nae (1dennany) 1.040 0.108
25 wgnga (lu) 0.967 0.167
26 ugngA (W) 0.936 0.035
27 wznga (§14u) 0.872 0.090
28 az'lag (51039 0.801 0.070
29 fnuda (lu/drdu) 0.748 0.025
30 Trsew (1) 0.720 0.031
31 51990 (lu) 0.718 0.038
32 azlad luaa) 0.660 0.045
33 Andauny (lu/ddu) 0.581 0.004
34 WUy (uaanaa) 0.510 0.009
35 hna1eTas §rdn) 0.500 0.006
36 H5s (wad) 0.481 0.050
37 i (#n) 0.477 0.033
38 azlad @rduuia) 0.455 0.009
39 woea (1) 0.427 0.001
40 oA (§141) 0.395 0.004
41 uddans (1laenma) 0.387 0.010
42 @nsa (1aenka) 0.384 0.021
43 azlnd Erduan) 0.323 0.009
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msnﬁ 3-5 uamq‘nﬁd antioxidant YVesasananaaevlaals Lipid peroxidation
(389 UMNANINISTI)
5 uwﬁ e | Li]:id peroxidat'ioz (% AA)
AlUNag AVVYIULVHUIATZ TN
1 nunw (1u) 94.444 0.123
2 aeszuniu (lu) 94.444 0.097
3 hmanelas (§1dn) 93.333 0.066
4 nszng (o) 91.743 0.113
5 nszau (#n) 90.826 0.215
6 {5s ) 90.000 0.141
7 azlad (e 88.991 0.098
8 wen3A (W) 88.073 0.219
9 B3 (1) 87.838 0.157
10 ne (laenwagn) 87.838 0.103
11 51990 (lu) 87.500 0.126
12 azlad luuia 80.734 0.087
13 uznga (§1AU) 78.899 0.172
14 g (1) 78.899 0.210
15 weoaa (lu) 77.778 0.251
16 nunu (laenwadw) 75.000 0.211
17 [@eaa (1AU) 73.333 0.302
18 welvidu () 71.622 0.077
19 Wuhu (waanaay) 62.222 0.177
20 11 (1aenwa) 62.162 0.223
21 H5e @rdu) 56.881 0.278

40



Lipid peroxidation (% AA)

S AUV INY — —
AlNag ANV VHUIATZTY
2 dudq u/ddn) 55.556 0.244
23 nszau (lu) 54.545 0.320
24 azlad @rduuia) 54.128 0.378
25 wznga (lu) 50.000 0.185
26 Andauny (lu/ddu) 47.778 0.106
27 azlnd Erduan) 47.706 0.218
28 wgn$1n aenly) 45.946 0.205
29 U (1Waenwa) 44 444 0.195
30 Triszw (u) 41.892 0.187
31 dle (wda) 37.615 0.162
32 uyaana (lu/ddun) 33.028 0.179
33 @5d (aenma) 32.432 0.218
34 {59 (nad) 27.778 0.224
35 ATLINTT (181) 25.688 0.195
36 i (#n) 20.183 0.099
37 hmaneTles (lu) 18.889 0.104
38 azlas luaa) 18.349 0.214
39 ndae (uldenmagn) 9.459 0.138
40 apanes (asnma) 8.108 0.172
41 nade (1laenrani) 4.054 0.111
4 Tuszm 1du) 4.054 0.200
43 azszuny (§1dn) 2.703 0.174

41
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t:d a d (Y]
Nﬁﬂﬁﬁﬂ‘kﬂi]‘ﬂﬁ ﬂ’ﬂN!‘ﬂNWHﬂli‘)!“ﬂaﬁﬂlﬂﬂﬁﬁﬂﬂﬂ

= [ a 1 %% ax £ g . .
MsAnEIANMdUNYABIsaa 1aedF MTT assay %11 U colorimetric assay (Mosmann,
Y o ' £ A A = <3| L A
1983) 1¥vannse1s MIT  sududinaes %zgmﬂaﬂmﬂumi Formazan @9u@u29 1u

sAAAA £ 1

Mitochondria UDUFAANUTIA «mmmia‘?ﬂmﬂ‘?mm"lm@ﬂ‘?ﬂmmsg}ﬂﬂﬁuuﬁﬂuma 500 —
o 1A A s Y <3 ] A A o 1 Y o 3 Qddy
600 W1 THNAT 1 NN IanTaaanaends neeliausanlasudanainla aaiuisi
KX A 9 [ ] 4 [ Qs}l asn = 9 (% ]
muau”lﬂflumsm’;ﬁn@mmaqmmmwaa AIUUIT MTT assay ilﬂ%mamﬂmmagiamm
4 < 4 Aa awv 09: dy A I a (%
FaANLI5I (Caco-2 cell) taziyaalsnd (PBMC) lumsIvenseil ma@mmtﬂuwmmmiaﬂﬂ
1 J v 1 1 4! 1 dy = a d' o Y 4
ADIYAANINATI  1AINITHIA IC,, Famiveaalsaasnaseuni Isaaaie’ly 50 %
[ a 1 L < 1 9

WINATANAUNHADIYAR JANIN NITUAAIAT IC,, ﬁ@ﬂ FI0 Standard National Cancer Institute
Criteria (Chen 110¥AYE (1988); Geran LAz Abbott (1972) ¥1AA1 IC,, YOIETAIDINGINTT 40

[ a aaa A 1 09/' (IR~ a 1 4 A A @ o [
luTasnsu / adaans denensiuluduiivaesad HIDNNWNAUNUNINAT IC,, VOIS
%] [} ° 1 [ Aa aaa ' 3 I a 1 4
f1081941171 40 luTpsnsy / Nadaans denansiuiuivaead

A o [ 3 a I~ a 1 -~ A a

Wevhensanana 43 sila lineasuanuiuiyaewadiia@eavilnd (PBMC) voanu

P 4 < o 9 [} 1 [ 1 1 1 3 a 1
1ag Caco-2 cell mgﬂuwaammm"lﬂm Nami‘nﬂafJqWmmﬁﬁﬂﬂmulwﬂﬂmﬂuwym
Y [ = L A d‘ [ QSJ‘ a

PBMC #niuasanaanlasniiaga lus199a vazlufhmzareles NANNITOIVLINTIITYVD
PBMC ldpgndaau Taolia1 IC, = 4.9, 5.3 uaz 8.6 lulasnin / dadans awdwy sdaslu

v Y
@159 3-6  @IUNaAe Caco-2 cell wmwmiﬁﬁ'ﬂmualﬁmllmmmiaé’ué’fﬂmﬁL%iﬂgmuimm

[ Y

Caco-2 cell sntAn ensanannalaenisgaiansadudald Taslie 1c, = 32 lulasniy /

Hanans asuaadluaisan 3-7



M1519N 3-6

d
d
HanmsAn¥IMILeNgNEMUTaaiameav1IUnA (PBMC) voenu

(Baagrvumuanulasane)

N NY/AIUUDINY IC,, (mcg/ml) *
1 duaglafaa > 100
2 duazlnfuia > 100
3 Aursq > 100
4 authneanelos > 100
5 AuazIEUNY > 100
6 Aulnszm > 100
7 TR GHIRE > 100
8 Tuviunu > 100
9 Tuele >100
10 nldenndleau > 100
11 nlasnndlogn > 100
12 waenudniang > 100
13 aenay > 100
14 aenugnin > 100
15 ilaenasines > 100
16 nlaenasd > 100
17 N CRL > 100
18 A > 100
19 waanuny > 100
20 HUANAN > 100
21 snaglnd > 100
22 SMdudnFean >100

* 3198210 IANINNIANUIN-A
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drdui WY/@IUVDINY IC,, (mcg/ml)
23 lunszau 100.0
24 waadle 100.0
25 Anudn 100.0
26 ANNIZOU 80.0
27 TuTusem 55.0
28 Aunznga 51.0
29 lunszms 50.0
30 WINENTA 47.5
31 ilaeniiuiu 44.4
32 AUNTLINT 40.0
33 Tdnsn 38.5
34 ANdIUNY 37.5
35 luireean 36.8
36 ludng 25.0
37 lupylasan 25.0
38 Tuug Ivdu 25.0
39 lugeszuny 21.9
40 lunznga 12.5
41 lufhnzareTlas 8.6
42 lus1eda 53
43 naeniina 4.9

* $18021IDIANINNIANUIN-A
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M1 37 saaIgnERIU Caco-2 cell VoOIMsANAREND
o W d‘ d‘ A d‘ | d‘ )
aeaun ¥ony / ansnnaaail FIumhNaaeL IC,, (meg/ml) *

1 HnzareTas M -

2 we ' Ivu 1 -

3 uzN3A Ty -

o ¥

4 uzn3A fdu -

5 ugn3A WINa -

6 uzNiM nlaenlu -

7 azlad luaa -

8 azlas Mduaa -

9 azlas FINUT -

10 azlas ST -

11 azlag SRIATIRR -
o <

12 a'le aa -
=\

13 1F8991 1y -

A

14 SRMIGK nlaenwa -

15 LU 1y -

16 nAevougn nlaenwagn -

17 ndae nldonHad -

18 Tviszn 1u -

19 Trgzm M -
.

20 89131 1y -

21 ATLING 1y -

22 ATZINT M -

23 A Hn -

24 azTTun 1y -

* 51001DIANIUNIANUIN-T
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Gh “’u"fi #a‘ﬁ‘n / ms"fi‘nﬂaau a'mﬁﬂmmﬂaeu IC,, (mcg/ml) *
25 B RREL| aenwa -
26 LR Ty -
27 nER fdu -
28 LR HaAL -
29 51999 Ty -
30 | Andaumny Tuddu > 100
31 hnzatelas Ty > 100
32 (Feen fdu > 100
33 uAITang naenwa > 100
34 RELLE Tu/ddu > 100
35 nNszou i > 100
36 Anud? Ty > 100
37 F waenwa > 100
38 | dmg Ty > 100
39 TUN Ty >100
40 TUN aANaAL > 100
41 190 nlaenwagn 32
42 Tuny laennaay stimulate
43 AvILUNU fdu ND
44 Standard Tamoxifen - <5
45 Standard vinblastine sulfate - > 100

* 51ﬂﬁglaﬂﬂ§]1nﬂ1ﬂwu'f]ﬂ-\1
UYL - = no inhibition

ND = not determined
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= a’ . . dy YR ddd‘ ad 4! 1 am
MsANEIgNT Antioxidant TuTlnsemsil ldAnunlaedsimangan 4 33 Hwaazds
4
annsainena’lnmsesngnd antioxidant lAlAnAITY Tagisnalnsenoendatulu
Y Y Il

suMes Ysznoumeduaouais  nateduaeu Fe1anedillainluaeunsn (nitiation step)

< 3 ~ 1 9 Y a g a . v W [ '
Wuduasunanslusumegnnszqulninailueyyadase (free radical) TAgpIABAITIAN o 15U

aaa

1 P4
uee ANWieu ANMIATEA 1Az trace elements TS NAY  DUYADAsERNATUIZIIIGAG O

A

1 A 3 1 . £ o Y a a o A dgl
ao 11500 9 1TugnTa (propagation step) FevzihldinaoyyadaszsuuInuIBiNILGoY 9
9
a 1 1 1 o a I~ .. . .
oyyaoaszmariazidn 1y oxidized d13a19 9 Tusume i ldinedlu oxidized intermediate
substances NUANUTUNTIITNNONTO oxidize drsouTusme wu lvdu (lipid) V5w
A 9 1 1 a aaan Aa 1 .. . . & o A 9 4
EOHNIFAAAIN 9] Y893 1INY 1NAYHNTENMNFENIN Lipid peroxidation FIamsiarsigouirad
1 09/’ 9
maniula
= N . . Iy =) [ =
M3IANYIONT Antioxidant 1ag193% ABTS W30 DPPH awisn¥iiuiena lnmseengns
Y [ o w a ¢ g o o w Aaaa A Y]
YoumsanaNasdunsetvaeyyadaszruilumdumngdinyvealgnseeendiadu 14
4 Y g
w30l @3t FRAP vihwnena lnmseengnivesmsana ldneunsodudsgnivesanswan
. . . Y A ] a Aaaa . 1 [ U o Y ]
oxidized intermediate substances 1243013 Taomsinalnsen reduction Aod1saIna1i 1 I
o 1 1 a I =
aunsaiinuae 14 @9u33 lipid peroxidation (umsfnyina lnnseengn’ antioxidant vogas
GOINTERLN receptor site JETIER
4 4
HANINAADINDIIENTANANY 43 FUAUAAINNT antioxidant UANANAY  HaAZUAAING |n
YA o 1 o o = v o
M30ONANTNUANANNUAIY  1FUASAAANNTUHTIAAIGNT  antioxidant Taelldudoyya
H Y
BaATZ(ABTS free radical) lagaga Tuymziina lnn156083 lipid peroxidation Yosniiensanaain
Tuwudin, Tuazszuv, dduilmareles, lunzima uazilnnszou dumsanannildoning
¢ A 1
UEAYNT antioxidant Tae 1A 11 oxidized intermediate product lAgafiga (991nA1 EC value 110
] 9 v
Ngn) uanuiina lnmsdudseyyadasz(ABTS free radical) Hosnnaisanannludss, nden

a

o v A = < 9
unw, lununy tagaonarz Wuau
[ 09/’ a v A 1 Aa A A = ng 1 =2
asiulumsnnsandadendiuuazsianvayu nsiiodny luduaouse i N
a % g o o 4 I o @ a o A
wnsannnnalnlana lnniladudwauaz 19na lnowiuileduasy na lnnannlylums
4 2 4 [
wosanluaseiifenalnmsdudioyyadasey Tasmwizeyyadass ABTS tilpeninmsanyifig
A, ) <3 [ o 1 A 1 § qu/
3% ABTS flddzaan 590157 uazuaiudini13s DPPH (gainandeuuumiasgiv) uenaintiula
4 ' A [ I a J 4 a o A [ a v
19 Criteria 91 9 SauN5RIA0 15U anuiluivaoaalsnd (msanaidondos lilluiuae
J I a { @ ' @ @ 1
wad violunutiosiga) % yield vosasana anwendelumsanataznsasoudiog
= 1 [ 1 z 9 ] o v oA A C)
sadanuendelumstamayu lnsmaniudte wuludss  luiunn  uaznldenmanuiu

= = . . Y A o A < Y
UYNT antioxidant (O uazm”lmw Luﬁ]ili]'lﬂ‘W“]J‘Vl’Jll“]J‘VINﬂ1ﬂLWuE]"UE]\ﬁJ§$WIﬁ Lﬂ‘]Jll@Wla’fJﬂ
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= o A ' A a v = L. o A ' A o
fania wgnaalaen TIUNTYU WY UALUNUGNT antioxidant ’sj:\i LmlliJQﬂLﬁE]ﬂ wmﬂaaﬂwamaﬂ
A A MYygd Ay A = =
LLaZL‘]JﬁE]ﬂWﬁN'W !,umﬁnﬂ”l:ullmﬂuwwamu(mamﬂmua) HITMNUNULASDONIRWIS VNG
[~ ] 2/' [} 1 A a 1 z 1 o 9 9 I~ A 9 A
wWusedu U ATUFRNEDUNYUIIU — NINHIAN IMUU muaﬂﬂuazﬂm&mmmﬂuwwmﬂu
= 1 A o Y o =) 4 1 S o Y 1 A Y =}
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' A
suAuTaoldmeasulnsuis macerate 1u n-Hexane nou shimsanaau lifiensazarooanunTudgu
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n-Hexane LL@’J%\?HWﬂWﬂLL‘I’Tﬂﬂ macerate 919 1UAIMAZ1ONUTANVVUMINEIAVAD Ethyl acetate,
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n-Butanol 1482 Methanol @1HUMINIUDUALINUNNY n-Hexane 11 filtrate YDIMAALYIIA 11)

Y 9
v A

suiediiazaigeen Iaasananad@y 20 e waz % yield uaadlumsnai 3-8 $991AM1319
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fana1aziun lunssan solvent N1F979 4 ¥ Methanol 13U solvent N1HUSIAATAN AN
1 Y

e 1agluusIA1 methanil extract YoINw/dIuVDININT 5 ¥ila druvesluiunnldSuuas
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WaINMINAToL 1A83F Phenolic and Tannin Test WUIEITEANAIN methanol VOINY /
1 A c?;} a S J . 1 o A a a 2
AIUVOINT N9 5 ¥l Wo9AUTZNOVYDY tannin  FIUAITANAIIN solvent DUDN 3 FiA 7O
Hexane, Ethyl acetate, 118 Butanol 14U tannin eauaadluasied 3-9  mnamsanyi laeds

Y
Flavonoid Test WU / @Uv0IW% 919 5 ¥l ensngu flavonoid Tumn o dsana ualivia
Vo4 flvonoid UANANAY  Adwaasluasen 3-10  dMSUMSnNAgoUnil Total phenolic
1 2 Y
compounds  ¥4lumsIveasefilslSeudeumanududuues  Gallic acid (Gallic acid
9 [

equivalent) AHANMINAABINUI ENTANAN WY / FIUVOINY N4 5 ¥HA NANAN Methanol

v 9
1l Gallic equivalent gafiga N3 UIABUNUTEH I methanol extract YOINY / AIUVBINY 113 5
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a 1 A L= v a A A . d' di S 1
yiua  wunaeniunutaz lununulidsinm total phenolic compound gANFA  1HOIINUAN
Gallic acid equivalent NgegalnARoIUAD 9.198 £ 0.621 1Ay 9.180 +0.273 MURIWY 509891
< v &2 A . . . Y 1 A A
Wuluns9%90AT Gallic acid equivalent INAY 5.271 + 0.160 @24 methanol extract HUTU1 total

phenolic compound f1ga AdaadluA1T199N 3-11

MIN3-8  HaA9 % Yield vosmsanauenaIuvasayulnsiinamon

d‘ (Y] \ d‘ Y
Fraction 9 asanauenaIunla % Yield
1 aMsanaluagsziuvian Hexane 3.67
2 Asanaludesziiuan Ethyl acetate 1.66
3 asanaluagsziviann Butanol 1.00
4 asanaluagszirian Methanol 7.00
5 a15a0a 1UATI91n Hexane 1.87
6 a15an0a U599 Ethyl acetate 1.74
7 asana luns991n Butanol 1.49
8 asanalunsI91n Methanol 18.94
9 msananlaonNanuNuIIN Hexane 1.94
10 asanalaenNanufNNIn Ethyl acetate 1.85
11 msananlaonNanuNuIn Butanol 1.51
12 msananlaonNanuNuIInN Methanol 17.03
13 a5ana luUNUNVIIN Hexane 1.75
14 a15analuNUNNIN Ethyl acetate 0.30
15 a15ana luNUNVIN Butanol 0.68
16 A5ana lUNUNVIIN Methanol 33.89
17 a135anal1u51990910 Hexane 1.97
18 #15enA1U5199A91N Ethyl acetate 1.75
19 m13analus199a91n Butanol 0.66
20 m3analus1a9aa1n Methanol 2.46




15199 3-9

taa9Wa Phenolic and Tannin Test

SN MsanALENaIUN 10 Expected compounds
1 sanaluaeszurian Hexane Other phenolic
2 asanaluaszunian Ethyl acetate Other phenolic
3 A5ana lUaLIZU11910 Butanol Other phenolic
4 a5ana lUaEILUNUIN Methanol Condensed tannin
5 a13enalUAT991n Hexane None
6 a15analur$991n Ethyl acetate None
7 15analur§I91n Butanol None
8 a15analue5991n Methanol Tannin
9 asanalaenanuyineIn Hexane Other phenolic
10 asanalaenNanuNNIn Ethyl acetate Other phenolic
11 asanal/aenwanufiuen Butanol Other phenolic
12 asanaaonNanuNNIIN Methanol Tannin
13 A15ana U UNNIN Hexane None
14 AsanalunuNNN Ethyl acetate None
15 @159na luNUNN1N Butanol None
16 A15ana U UNNIN Methanol Tannin
17 a15ana1U5199A910 Hexane None
18 #15enA1U5199A91N Ethyl acetate None
19 a5analus199a91n Butanol None
20 a3ana 113199091 Methanol Condensed tannin




M135199 3-10

taadWa Flavonoid Test
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a U‘U‘ﬁ asa f‘fﬂlmﬂﬁlu‘mﬁ’ Expected compounds
1 asanaluagszunuIn Hexane flavonol, flavone, xanthone
2 asanaluagszunun Ethyl acetate flavonol, flavone, xanthone
3 a15analuag LN Butanol flavonol, flavone, xanthone
4 A15ana lUagILUMUIN Methanol flavanonol,flavonol, flavone, xanthone
5 a15analu PJ%J 34911 Hexane flavonol, flavone, xanthone
6 a1sanalu I?J%J 3910 Ethyl acetate flavonol, flavone, xanthone
7 a1sanalu I?J%J 3911 Butanol flavonol, flavone, xanthone
8 a1sanalu PJ%J 391N Methanol flavanonol,flavonol, flavone, xanthone
9 msananlaenmanunun Hexane flavonol, flavone, xanthone
10 arsanadennanunun Ethyl acetate flavanonol
11 drsanaaenwaiununn Butanol flavanonol
12 drsanalaenwanuNnuIN Methanol flavanonol
13 a1sanalunuNy9In Hexane flavonol, flavone, xanthone
14 A15ana Ui UL Ethyl acetate flavanonol
15 a13analununuaIN Butanol flavanonol
16 #1580 1UNVNVIIN Methanol flavanonol
17 a3anal151999910 Hexane flavonol, flavone, xanthone
18 msanalusadnan Ethyl acetate flavonol, flavone, xanthone
19 a3analus1999910 Butanol flavonol, flavone, xanthone

20

asanalus1a9aan Methanol

flavonol, flavone, xanthone




A
M1919% 3-11

uaa9Ka Total phenolic compounds

Gallic Acid
o d' w | d' Y
a10uN asanauenaIunla Equivalent
(mg/mL)
1 asanaluagsziuriann Hexane 0.924 + 0.040
2 Asanaludgszuyiuan Ethyl acetate 1.572 +0.090
3 msanaluagsziriann Butanol 2.016 £0.101
4 mMsanaluagsziurian Methanol 3316 +0.011
5 asanalurs91n Hexane 1.619 +0.089
6 a1sanalur$991n Ethyl acetate 1.810 +0.136
7 asanalurse91n Butanol 1.943 £0.019
8 asanalurs 991 Methanol 5271 +0.160
9 msananlaonNanuNuIIn Hexane 2.474 +0.091
10 asanalaenNanuNNIn Ethyl acetate 8.361 +0.321
11 msananlaonnanunuIN Butanol 8.361 +0.321
12 msadanlaonNanuNuIInN Methanol 9.198 + 0.621
13 asanalunuNuIn Hexane 1.792 £0.175
14 AsanalunuNNN Ethyl acetate 3.723 +0.445
15 aMsanalununun Butanol 6.357 £0.172
16 aMsanalununun Methanol 9.180 +0.273
17 m3analus199a91n Hexane 1.066 + 0.083
18 @150 lU5199A91N Ethyl acetate 1.211 +0.073
19 msanalus1a9aa1n Butanol 1.672 +0315
20 m3analus1a9aa1n Methanol 1.771 £0314
21 BHT 6.946 + 0.220
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HANSNABEIYDY UV Spectroscopy Haadlua1s1eil 3-12 wazgai 3-1 dagiii 3-5 dauma
A = ~ A = £
Y94 IR Spectroscopy HAAIIUAITIN 3-13 DIATNN 3-16 1Az 3-6 D3 3-10 FIINHANT
naaosasnannuNasanadiulvgansoganaunaslugie uv 18 ualudwmisiuanai
2
A1 @IUNAVDY IR Spectroscopy WUINEITANAVDINY / SIUVBINY N4 5 ¥A 910 solvent FiiA
2 @ Y vy Y £ &y Y Y v = ' dy
wernulimandieny Feeraneagdludesdu’ld deeazidoans lui
Y [
UV spectrum U89 Methanol extract Y84 / @3UUBINY 14 5 A 1AA 2-3 band N Amax >
210 nm UEAI019UANT aromatic compounds d7u IR spectra VYBIF5ANAIN Methanol YBINY /
Y '
AIUYDINY 919 5 WA WUNLNY hydroxyl (O-H) 1W512 § broad band U939 O-H UTm 3500-
- :JI v A { % 1<
2500 cm’ WONVINUUETI peak NAAY C double bond (C=C) #9019 C=C V04 aromatic
compound Iagagny %29 1650-1450 cm’’
k4
MANAVEY UV uaz IR 715811831 Methanol extract Y04y / dIuveaiis 114 5 ¥ila 919
=) 1 Lﬂ'd 1 .
Hensys zﬂeucluﬂ’qwmwy hydroxyl and aromatic compounds
9 [
UV spectrum U84 Butanol extract YOINY / AIUVDINY N9 5 BUA AN 2-3 band N Amax >
210 nm UEAIIDIVNAT aromatic compounds U IR spectra VYBIEITANAIN Butanol VOINY /
1 =) a A 1 q'/ v A =) v A 1A
dauveany 4 sila Aoludzszuvid Tudss luiuny  vazldenwanuny wuil IR spectra
Ad1eiu Avliny hydroxyl (O-H) 31z 3 broad band 89 O-H N1U51@ 3500-2500 cm’
:11 o { % I
NN peak Aeag C double bond (C=C) H90191TU C=C VD4 aromatic compound JETRE
Wulu%I9 1650-1450 cm” @91 Butanol extract Y89 1U5199ANUI IR spectra Ty C-H NUTIQ
12 o
3000-2850 cm” 9919114 @151U52n0U hydrocarbon
MANAVEY UV tag IR Wansan 1dd1 a13aiavin Butanol ¥eeiy / aduuesiiy 4 sila Ao
Tuagszuvi Tudss Tuiviy saznldenmaiunuentiasseneulunguiniing hydroxyl and
1 o I
aromatic compounds uaasananlusedeerndu esdszneu hydrocarbon
k4
UV spectrum U84 Ethyl acetate extract U849 / §3UVYDINY 119 5 ¥ilA AR 1-2 band LA
719195@15 diene #1380 aromatic compounds 71 IR spectra VOITIIANADIN Ethyl acetate VYDINY
1 A a A ] Q'J =) A v A 1A
/ dmvedny 4 sia Aoluazszuvu TudSe lusiuny tazwdenwanunu wull IR spectra

= ]

Aaei ﬁi’)llﬂll” hydroxyl (O-H) W31E i broad band V03 O-H ﬁ‘u?nm 3500-2500 cm’
yennnudl peak AUAAY C double bond (C=C) AUSM 1650 em” Fo1wilu c=C vos
aromatic compound TAg9z WY 2-4 band TUFI9 1650-1450 cm dIU Ethyl acetate extract UDJ Ty
3195aNU3 IR spectra %3] C-H AAUS1aat 3000-2850 em” 11ag CHLCH, i 1450 and 1375 cm” &4

<
21911 u a151/52n0 hydrocarbon



M5199 3-12

uaadiNa UV absorption
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U

8 hazae A Absoption
3 , 216.79 0.6425
1 A5anA IUALILUNUIN Hexane
253.65 0.6232
3 , 326.28 0.2062
2 A15analuae 52111IN Ethyl acetate
328.68 0.2057
229.01 1.3836
3 A5ana luagIZIvn Butanol 288.77 0.8795
333.04 1.0423
214.39 0.9080
4 asanaluagszulIn Methanol 21.60 0.4794
328.90 0.5053
220.07 0.7364
5 1580 1UATI91n Hexane 277.64 1.0155
343.95 0.1704
6 a15analur$991n Ethyl acetate 279.17 0.6131
o 230.97 1.5467
7 #1509 1UATI91n Butanol
279.83 1.1019
3 . 222.25 1.8005
8 a5ana luNTI91n Methanol
276.77 0.6583
Loia oo 229.01 1.6418
9 asanalasnNanuNLIN Hexane
266.96 0.5742
10 arsanalaennanufnNIn Ethyl acetate 264.12 0.8670
Loa oo 230.97 1.3789
11 asanalasnwanuNLIn Butanol
262.38 1.0322
e 222.03 1.0901
12 asanalasnNanuNuIN Methanol
262.16 0.7145
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aeufi Thazang Ao Absoption

218.97 0.5465
13 E‘ﬂiﬁﬁlﬂiﬂﬁﬂm\lmﬂ Hexane

257.14 0.2701
14 AsanalunuNNN Ethyl acetate 271.76 0.6694

232.93 1.7534
15 15809 JUNUNY1N Butanol

273.50 1.3634

224.65 1.7203
16 15809 1UNUNUIN Methanol

276.34 0.9411

217.01 0.4401
17 msanalusaannn Hexane

264.56 0.2132

325.63 0.1785
18 #15analus199a910 Ethyl acetate

375.57 0.3307

230.75 1.6700

272.63 0.9632
19 asanalus1a9aain Butanol 332.82 1.1858

376.23 1.5233

399.13 1.9582

210.91 0.6445
20 asanalus1a9aan Methanol 285.50 0.2503

327.81 0.2288




(A)

©

Abs ACTUAL34 AT

31

(A)
(B)
©
(D)

A158NADIN n-Hexane
@1389NAN Ethyl acetate
A158NADIN »n-Butanol

A158NADIN Methanol

3-1 u@ag UV spectra ¥o9a13ananluasssuviy

[ ACTUALAL. DAT phamacy / Aspect Plus v1.§ phamacy / Aspect Fius v1.5 |
i : K
he / = 0.4
0.4+ 0.35
0,25
0.3 )
|
__n_l_,/ | 0.1
(28
I ! 2o T 40 T sho 2o 2t 300 r 40 T 30
L3 - nm
SPEKOL 1200 09 . 2005,/10:13: 35 SPEKOL 1200 09.mar,2005/10:13:50
ACTUATAL, DAT ACTUALIS DAT
218.79 6823 1 e Ay 20
. B.B42! 0 .
H X 554 H 5151 0505t
s ACTUALZS, DAT vhascy £ Aspect Plus vi s | | ACTUALI7 ,DAT phamacy / Aspact Plus v1.s‘|
0.8
0.6+
0.4+
0.24
0.0
& o T A" oy a0 2k M T s | sk
. m
SPEKOL 1200 Cﬁ.!ﬁr-m{m:“:g SPEKOL 1200 09.Mar.2005/09:54:21
ACTUALZS OAT |- ACTUAL1Z.DAT r
™ Lo 23439 o
i 3 i z 281180 0.4734
3 333,04 1.0433 3 32690 0.5053
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(B)

(D)
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¥ gl iy R Y
y 5 ACTUALIT DAY phamacy / Aspect Plus vi.§ | AETUALZS.DAT phanacy / Aspect Flus V1.5
] 1
0.80~
0,504
1
Q.40 l /A/J
(A) I (B)
|
[ 5 |
s e
] -l J
To T L T o T T T o2 T T T T T T T
z 340 380 220 280 300 340 330
. i .
SPEKOL 1200 09.Mar.2005/10:16:53 SPEKOL 1200 m_»‘r‘msfm:w:;?
ACTUAI3T DAT T ArTuAl29.ar 1
L] Abs o Abs
H .07 0.3 1 zr.7 0.6131
3 363,08 0.1704
1, - - —
Y ACTURLZE, bAT phasacy / ASpect Plus vi.5 fREs ACTUALLL. DAT phamacy / Aspect Plus VIS
1.6 1 t
= /\ - 1.6~
( ) ER 1.2 ( )
0.8 2
i
0.8 i
/ 0.4
o4
—_ |
™ [ X% 0.0
T T i
P "N 250 T 200 T P o 220 260 ! 100 " 30 . 150
. . oot . ™ nm
SENoL: 1200 - 09.mar . 2065/10:60:16 SPENOL 1200 09, Mar, 2005/09:43: 50
[ acruaiil.per B
[y Abg m 4bs
L - 1 222.25 1.4005
i mar I i i 7857 i

gﬂﬁ 32 ua@
(A)
(B)
©
(D)

q UV spectra maaanaﬁ’mmhvl%"&
#159NAN n-Hexane
@135aNAN Ethyl acetate
158NN n-Butanol

A1580ADIN Methanol
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Abs ACTUAL40 .DAT phanacy 7 Aspect Flus v1,5 Abs ACTUAL3L.DAT phamacy / Aspact Plus V1.5

w ; fN | ®

0. E— ™~ 0.25-]
T T T T T T T T T T T T T T T T
220 60 300 340 380 220 260 300 340 80
. m :
SPEKOL 1200 09.Mar.2005/10:18:53 SPEKOL 1200 09.Mar. 2005/10:10: 49
ACTUAL40. DAT . ACTUAL31.DAT
m Abs m Abs
1 229.01 1.6418 1 27L.76 0.6694
H 266 .96 0.5742 - |
- s B .
N ACTUAIZ3, GAT shawacy / Aspect Plus vL.5 | [RBE ACTURLTS ;34T PRy 7 ASpett PR VL5
1 1
-
1.4 ‘f
© / i (D)
4
|
|
0.8 //
0.4
4 o ]
~ — ¥
0.0+ i
T T T T T T T T 3’"
220 260 300 340 380 40 |
. iy e
SPEKOL 1200 09.Mar. 2005/10:02:50 | 09, Mar F005/09:53:22
ACTUALZ3: DAT |
[ abs
1 230.97 1.3789
H 262.38 10322

gﬂﬁ 3-3 1@ UV spectra vosmsananimilasnwaiuiia
(A)  @IANAN n-Hexane
(B)  @13@nNA1N Ethyl acetate
(C)  esanavn n-Butanol

(D)  @158NA21N Methanol
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ACTUA138.DAT phamacy / Aspect Plus V1.5 Abs ACTUAL31.DAT phamacy / Aspect Plus V1.5
7 ,
.55+ ! t
2 0.85-]
[
| \\ |
0.85-] i~
/ | 0,55 V\/f\/
.35+ \ s fl I
" .45 f \)
/ k : /
0.254/ - i {‘J (B)
A 0,35
|
0.15-| ] P‘J
7] ™~ 0.25-]
9s05-1 T T T T T T T T T T T T
220 260 300 340 380 220 260 00 340 80
. - « fn
SPEKOL 1200 08.Mar.2005/10:17 144 SPEKOL 1200 09.Mar.2005/10:10:49
 acrumiseoar ACTUAL3L.DAT
m aps o Ans
1 218.97 0.5465 1 27L.76 0.6694
z 257.14 0.2701
i
Abs ACTUALZL.DAT phamacy / Aspect Plus 1.5 RED ACTUALL4. BAT phamacy / Aspect Plus ¥1.5
1.8 N H 4 1
| /f\\ , el /\
do 1
| i 4
1e] “J ! z / 4
! /
{ 1.2+
1 (D)
| 1 t
1.4 ! .
/” 0.8
0.6
" \
: T - TT—
0.2+ — .04
‘ T T T T T T T T T T T T T
220 260 300 340 10 226 260 300 407 w o
o 1
SPEKOL 1200 09.Mar . 2005/10:01.:20 SPEKOL 1200 09 Mar. 2005/08:51:61
ACTUAL21.DAT 'ﬁ ACTUALL4. DAT
nm abs L
1 224,85
r Tme o T 1 "R

2

1.3634

3UM 34 w@ag UV spectra vosmsanannlufiuiy

(A)
(B)
©
(D)

A158NADIN n-Hexane
T1589NA1N Ethyl acetate
A158NADIN n-Butanol

A158NAD1N Methanol
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ca
=n.

(A)
(B)
©
(D)

A158NADIN n-Hexane
T1589NA1N Ethyl acetate
A158NADIN n-Butanol

A158NAD1N Methanol

e ACTUALAZ.DAT phanacy / Aspoct Flus ¥1.5 | *bs ACTUALIS.OAT phamacy / Aspect Flus V1.5
LS
0,351
0,254
0.1 Ny
T T T T T T T T T T
fei 340 380 220 100 340 380
. - . m
srekoL 1200 09.4ar,2005/10:20:23 SPEXOL 1200 09.Mar. 2005/10:14:3
T ACTUALAZ BaT ACTUAL3IS .OAT T
o nm Abs
2z, 1 125,63 0.1785
254, 2 375.57 0.3307
ACTUA127 .DAT phamacy / Aspact Plus YL.5 [®s . ACTUAL18. DAT phamacy / Aspect Plus V1.5
f
0.5+ |
|
0.3 :
3
ID.]g-
0.8 ; . i T T T T T T
220 340 380 - 20 300 30 380 -
SPEKOL 1200 09.Mar.2005/10:06: 16 SPEKOL 1200 09.Mar . 2005,/09:55:24
ACTUALZ7 ,DAT i —— ACTUALLA.TAT. e
5, 1 210.91 D.6445
i 1-g9 2 285.50 0.2503
33282 11858 AL L]
376.23 1.5233
399.13 1.9582

3-5 uaAg UV spectra U89a13anA1nlus193a
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(D)



M13199 3-13

HAAIATHUBS IR spectrum VD4 Methanol extract

No.

Position on IR

spectrum

el

lunuhiu

A WU A
1asnwanunu

luazszund

lusrada

Alcohol (O-H)
at 3600-3300cm™

3373.15

3353.62

3353.64

3364.6

3389.71

C-H stretching
at 3000-2850 cm’!

2926.01

2900

2900

2926.16

2924.80 and 2853.41

Double bond (C=C)
at 1650 - 1450 cm’™

1615.81

1615.81

1614.76

1601.11

1606.11

C-Hin CH2CH3
at 1450 and 1375 cm’!




M13199 3-14

HAAIANHHUD4 IR spectrum V99 Butanol extract

Position on IR S, o - " o - , "
No. lur5a lunuhiu nlasnwanunu luazszuny lus1923a
spectrum

1 Alcohol (O-H) 3388.81 3388.43 3373.05 3388.67 —
at 3600-3300cm™

2 C-H stretching 2926.13 2925.05 2900 2925.57 and 2853.60 2924.1
at 3000-2850 cm’!

3 Double bond (C=C) 1615.42 1615.42 1612.49 1608.05 —
at 1650 - 1450 cm™

4 C-H in CH,CH;4 — — — 1455.89 and 1382.56 —
at 1450 and 1375 cm™




a
M1919% 3-15

HAAIATHUD4 IR spectrum V09 Ethyl acetate extract

Position on IR S, o - " o - , "
No. lur5a lunuhiu nlasnwanunu luazszuny lus1923a
spectrum
1 Alcohol (O-H) 3392.59 3399.68 3388.6 3394.83 —
at 3600-3300cm™
2 C-H stretching 2925.30 and 2853.06 2925.92 2926.36 2925.51 and 2853.57 2925.2
at 3000-2850 cm’!
3 Double bond (C=C) 1615.36 1615.36 1615.69 1618.61 1695.54
at 1650 - 1450 cm™
4 C-H in CH,CH;4 1455.64, 1372.79 — — 1456.00, 1377.24 1455.25, 1376.47
at 1450 and 1375 cm™




M13199 3-16

HAAIAITHUD4 IR spectrum VD4 Hexane extract

No.

Position on IR

spectrum

el

lunuhiu

A WU A
1asnwanunu

luazszund

lusrada

Alcohol (O-H)
at 3600-3300cm™

C-H stretching
at 3000-2850 cm’!

2923.49

2923.49

2925.14

29223

2925.20 and 2853.45

Double bond (C=C)
at 1650 - 1450 cm’™

C-Hin CH2CH3
at 1450 and 1375 cm’!

1462.33, 1376.92

1462.33, 1376.92

1463.51, 1376.92

1454.85, 1376.21




%T

(A)

(B)

%T

%T

©

%T

(D)

442
421
40{
38-
36-
34%

321

28-
26+
241
22+
704
201

I T T L
61?3000 3500 3000 2500
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D R e ]
1500 1000 500

60~

50-

— o
2500 2000
Wavenumbers (cm-1)

" S— o
2500 2000
Wavenumbers (cm-1)

A S S T B B
4000 3500 3000 2500 2000 1500 1000 500
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NANAYDY UV tag IR #1158 1831 a5ana91n Ethyl acetate YoM / aIUv0is 4 %iia

Ao luagszumd ludss luiuiy waznldenwaiunvenliarsdsznoulunguiilivg hydroxyl

U

[ 3 I
and aromatic compounds @910 115199a% 9019411 15152 N0V hydrocarbon
[ A ! A g a = A Y v A A (= 1
A13a1A91N Hexane YOINY / dIUVDINTNI 5 ¥1ia 1 IR spectra NAAWAUADTINY U C-
ioA a ! ] 2 3
H 71151981 3000-2850 cm’™ 1182 CH,CH, 11 1450 and 1375 cm ' @90 1013]u @151/52n01 hydrocarbon

LR spectrum U84 Hexane extract 1A 2-3 band 1AA9I1019U AT aromatic compounds
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Nﬁﬂ]iﬂﬂ‘ﬂ]ﬁ]ﬂﬁ Antioxidant !!ﬁ%i]‘ﬂﬁﬂ'ﬂN!‘]JuWHﬂf’)!"‘”ﬁam@ﬂﬁ]iﬁﬂﬂ!!ﬂﬂﬁ)u
4

MINATOUYNT Antioxidant VesasanauenaIu 1aeld 4 35 Ao DPPH Method, (ABTS)
Method, FRAP Method, 118¢ Lipid peroxidation Method lamadaandluas1en 3-17 89 15199
320 MWANY  NANTNHANITNAABIRINA ¥IN/SEUREY solvent NlFWUNATEARAAIY

v s v '
Tngjludiu Methanol 1ag Butanol 1%gnTdudieyyadase 1azaa oxidized intermediates ldANgn
MWD HaMINAaeeladd ABTS uaz FRAP ldwamilouruuazaivayuiy daunaiin

[ an o 1 < 1 :JI a,

DPPH UANANIINADIIBAING1NANTDE 1A Iaa3191nne 3 35 Av ABTS, DPPH @y FRAP
9 1 Y] v A o A v A A (%
waamuNasanannlununy  Judse wazlaenmanuny Taamwizitily Methanol extract 39
1 oA Q’Q} a . . . Y A Y = '
pglunquiosngnidueyyadds 1azan oxidized intermediates IaANgA  azIngniusand

£ g .. < [ A 1 dy ule
Butylated hydroxytoluene (BHT) a1l positive control 3 sy sanavesnwriarl lugu
Butanol ¥1ANW1581910 Total phenolic content (13199 3-11) 199915811831 Total phenolic

' 2 v
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£4
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v v ’x
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[ < Y
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232U, Hexane extract Y03 1UHSY, Ethyl acetate extract U aenwanuny uas Ethyl acetate
extract YOS MU UMY
4 o [ 1 3 a . 1 =] a
WehensanauenaIung 20 saNIMATEY Cytotoxic ABLFAAINAADAYIUNA (PBMC)
k4 [ A =2 A A @ J 1 Y]
lamaaaaasluasian 3-21 Dem15199 3-25 uazgdn 3-11 MNREAINAITNTOHIAT IC,, A
naaslua1sei 3-26 Fanunluazseuny (Bthyl acetate extract), 1UWUAN (Ethyl acetate extract
1ag Methanol extract), laonmanuny ((Ethyl acetate extract {82 Methanol extract), wagly
1< a 1 < 1 (% @
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M3197 3-17  1aAgNB Antioxidant YosmsananenaIulaeIt DPPH

e asadauenauild IC,, (mg/mL)
1 A5analuagsziyiin Hexane 0.198 = 0.019
2 Asanaludeszuriuan Ethyl acetate 0.074+0.011
3 d15analudesLirtan Butanol 0.043 = 0.009
4 A1sanaluaIzIyiiIn Methanol 0.014 = 0.005
5 asanalur$ann Hexane 0.121 +0.027
6 asafalud$an Ehyl acetate 0.022 + 0.001
7 asanalud$ao1n Butanol 0.056 + 0.004
8 asanalur$aa1n Methanol 0.002 + 0.001
9 d1senaaonNanuNuIIN Hexane 0.306 = 0.039
10 asanalaennanuNNIn Ethyl acetate 0.046 + 0.004
11 arsenadonwaniunuaIn Butanol 0.006 + 0.002
12 arsenadonnanunuaIn Methanol 0.001 = 0.001
13 f15analunUNNIN Hexane 0.049 + 0.006
14 A15ana Ui UL Ethyl acetate 0.021 +0.001
15 f15ana luiuNLIN Butanol 0.035 + 0.006
16 A15ana Ui UNNIN Methanol 0.001 + 0.001
17 #1580 1U5199A910 Hexane 0.133 £0.057
18 d15anA115199A910 Ethyl acetate 0.121 +0.025
19 #158ena1U5199A910 Butanol 0.186 £ 0.041
20 #15e0A1U5199A910 Methanol 0.031 £ 0.009
21 BHT 0.220 = 0.005
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v <
M319% 3-18  1AAIYNE Antioxidant YoM sANANENEINIALIT ABTS

faui msanauenaIuila TEAC (mM/mg)
1 asanaluagIzivian Hexane 0.523 +0.051
2 A15ana U210 Bthyl acetate 2.358 +0.058
3 A5ana lUaLsLIUYLn Butanol 2.391 +0.021
4 asana luaLsLIUYUaN Methanol 2.429 + 0.005
5 a15ana 1UATI91n Hexane 1.061 +0.017
6 1580 1UN5991n Ethyl acetate 2.647 £ 0.065
7 asanaluns991n Butanol 2.901 +0.023
8 asana lunsI91n Methanol 3.785 + 0.003
9 msananlaonNanuNuIn Hexane 2.665+0.012
10 d1sanalasnwanunun Ethyl acetate 2.977 + 0.009
11 msananlaonnanunuIN Butanol 3.063 = 0.013
12 5 anan)anNANUNUN Methanol 3.660 + 0.005
13 asanalunuNuIn Hexane 0.676 + 0.065
14 a15analuNUNNIN Ethyl acetate 3.644 + 0.090
15 asana luNUNVIN Butanol 3.825 + 0.034
16 A5ana lUNUNVIIN Methanol 4.403 + 0.009
17 m5analus199a91n Hexane 0.490 + 0.029
18 #15analus199A91 Ethyl acetate 1.532 +0.089
19 msanalus1a9aan Butanol 2.009 + 0.076
20 msanalus1a9aa1n Methanol 2.477 +0.013
21 BHT 3.3529 +0.082
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M319N 3-19  BAAINS Antioxidant vosmsanauanaIulaeIT FRAP

Maui asanauenaIunla EC (mM/mg)
1 A5ana lUaLILUYUN Hexane 0.368 = 0.006
2 asanaluass2urin Ethyl acetate 0.680 +0.010
3 A5ana lUaLsLUYLn Butanol 1.095 +£0.018
4 asanaluagszirian Methanol 2.270 £0.018
5 a15ana 1UATI91n Hexane 0.713 +0.003
6 a15an0a U599 Ethyl acetate 1.146 +0.132
7 asanalun$991n Butanol 1.358 +0.032
8 asanalunsI91n Methanol 3.647 +0.038
9 mMIanan)aonNaNUNUIN Hexane 1.682 + 0.076
10 sanaaonNanuNuIN Ethyl acetate 3.060 + 0.006
11 mMIanan)annHanuUNUIN Butanol 3215+ 0.141
12 Msanan)asnHanUNLIN Methanol 4373 +0.032
13 A5ana lUNUNVIIN Hexane 0.784 +0.012
14 a5analuNUNNIN Ethyl acetate 2.776 +0.007
15 asana luUNUNVIN Butanol 4.104 +0.046
16 asana lunuNUIN Methanol 4.984 + 0.027
17 m5afalus199a91n Hexane 0.427 + 0.006
18 #1580a1U3199A91N Ethyl acetate 0.653 +0.001
19 msanalus1a9aan Butanol 0.712 £0.014
20 msanalus1a9aa1n Methanol 1.052 £ 0.009
21 BHT 2.928 +0.089
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M31971 3-20  HAAIYNE Antioxidant YoIMsANANENEIUIALIT Lipid peroxidation

fenuit asaauena ity % AA
1 M5aNAlUAZIZUHUIN Hexane 92.18 £0.110
2 A15analuae 52UHUIN Ethyl acetate 52.03 £0.109
3 A5anNA lUAZIZIHUIN Butanol 75.04 +0.121
4 M5ana lUagIZI1HIN Methanol 49.05+£0.115
5 asanalur$ann Hexane 87.74 +0.141
6 asafalud$an Ehyl acetate 81.46 £0.153
7 asanalud$a91n Butanol 2421 +0.101
8 asanalur$aa1n Methanol 64.67 + 0.095
9 drsanalaennanunNLIn Hexane 39.92 +0.105
10 drsanaaenNanuNuaIN Ethyl acetate 86.82 +0.118
11 drsanalaennanufnug1n Butanol 73.48 £ 0.096
12 drsanalaennanunueIn Methanol 51.42+0.164
13 A13ana lUNUNUIN Hexane 31.32+0.130
14 #1580 TUNUNVIN Ethyl acetate 80.84 £0.118
15 f1sana U uNLIN Butanol 4421 £0.123
16 A15ana 1UNUNNIN Methanol 43.14 £0.144
17 #1580A1U5199A1N Hexane 46.34 £ 0.097
18 #1580a 1031990910 Ethyl acetate 96.81 £0.112
19 a15ena1U5199A910 Butanol 98.72 £0.120
20 a15ena1U5199A910 Methanol 39.95 +0.057
21 BHT 97.77 £ 4.21
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M13199 3-21

HAAINANMINATOL Cytotoxicity Y9IE5aNANINIUALIZUHYAD PBMC

75

ANMYNTY % Survival
(mcg/mL) n-Hexane  |Ethyl acetate n-Butanol Methanol

0.00 100.00 £ 6.72 100.00 £ 1.02 100.00 £2.15 100.00 £2.21

6.25 87.24 £0.56 66.86 £2.71 92.55 +£5.69 107.36 £ 1.62
12.50 67.92+£9.32 53.06 £2.46 83.64 +1.29 101.02 £4.92
25.00 5891 £3.75 40.43 +1.37 63.56 £ 6.64 103.27 £3.75
50.00 4897 +£2.45 46.15 £ 1.57 57.14£3.78 110.63 £ 12.34
100.00 4991 +1.42 43.39+1.90 66.67 £4.14 125.36 £3.49

15199 3-22

HEAINANIINATeL Cytotoxicity YVaIasanaInIUA3Ine PBMC

ANMVHTY % Survival
(mcg/mL) n-Hexane Ethyl acetate n-Butanol Methanol

0.00 100.00 + 7.06 100.00 +£5.18 100.00 £4.16 100.00 £ 5.79

6.25 99.55 +£2.51 88.50+4.16 96.38 £ 3.60 97.07 £13.96
12.50 96.04 £ 2.45 88.32 +5.98 90.44 + 4.45 109.51 £4.46
25.00 107.93 £2.55 67.21 +£3.35 95.57 £4.81 115.81 £1.83
50.00 96.04 +5.17 46.74 £ 1.90 101.41 £4.79 143.24 +£2.49
100.00 99.46 + 9.86 41.30+3.34 101.91 +£2.29 157.59 +£5.13

M13199 3-23

HEAINANMINATEL Cytotoxicity Yosasanannaennanuiinne PBMC

ANMYNTY % Survival
(mcg/mL) n-Hexane Ethyl acetate n-Butanol Methanol

0.00 100.00 £2.21 100.00 £9.80 100.00 £ 7.92 100.00 £ 1.29

6.25 91.06 +5.59 101.09 £4.50 94.72 +4.38 104.95 £1.54
12.50 87.04 +8.81 99.45 £5.75 101.00 £4.38 11143 £1.80
25.00 85.40 +£2.39 101.31 £5.21 104.40 £2.66 132.59 £ 4.46
50.00 80.11 +3.02 110.94 £ 7.65 102.00 +£10.01 195.73 £6.91
100.00 83.21 +£5.39 137.64 £4.33 117.59 +12.85 311.77 £ 6.89




M13199 3-24

HAAINANINATOL Cytotoxicity Y0Ia5aNANNILNUNNA® PBMC

76

ANNTNYY % Survival
(mcg/mL) n-Hexane Ethyl acetate n-Butanol Methanol

0.00 100.00 £4.92 100.00 £2.06 100.00 £3.41 100.00 £2.16

6.25 96.24 +4.40 88.84 +0.67 100.64 + 1.40 173.33 £10.65
12.50 97.81 £4.19 70.69 + 3.34 94.77 £2.37 214.83 £3.66
25.00 97.76 +£2.87 46.03 +£3.43 99.90 £7.11 237.41 £41.31
50.00 92.10 +2.86 23.71+0.22 97.43 £3.42 320.68 +53.96
100.00 96.00 £ 1.25 9.50+0.50 96.64 £ 6.47 309.66 +25.00

M1519N 3-25

UEAINANMINATBL Cytotoxicity YoIa15aNANIVIIIAAD PBMC

AN NTU % Survival
(mcg/mL) n-Hexane Ethyl acetate n-Butanol Methanol
0.00 100.00 + 1.98 100.00 + 6.60 100.00 +£2.25 100.00 +£4.93
6.25 91.37+£7.66 31.52+4.94 103.46 +4.52 94.43 £2.61
12.50 97.75 £6.02 48.83 +4.87 102.12 £ 5.07 97.57+3.17
25.00 81.99 +1.42 2648 £1.41 77.27 £6.03 9391 £2.76
50.00 75.05 £4.22 10.83 +£0.89 37.14 £0.39 84.52 +£3.17
100.00 80.49 +2.45 7.45+0.53 17.15+0.88 74.26 £2.63
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M15199 3-26

83
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uaasa IC,, vosmsanauandIuilonagay Cytotoxivity Ao PBMC

A v daw M IC,, (ug/ml)
Ny / daunly
Hexane Ethyl acetate Butanol Methanol
luagszunu 50.00 12.50 >100 >100
. ﬂizé}u cell growth
Turlsa >100 45.59 >100 B Y s
NANUVUVY >50 meg/mL
Y A ﬂﬁngu cell growth
Tusuiny >100 25.00 >100 p vy
NANUVNUUY <6.25 mcg/mL
- o - N3 zs?ju cell growth N3 32{]}14! cell growth
wWasnwasiviy | >100 | | Y Y >100 p Y v
NANUANUU >50 meg/mL NANMVNUY >25 meg/mL
lusiea >100 12.5% 41.25 >100

§ o Y 1 o a . 1 J 3 o '
Lﬁ@uWﬁWiﬁﬂﬂLlﬂﬂﬁ?u%ﬂ 20 ¥UANINATDU Cytotoxic @]ﬂl“ﬁaﬁilglﬁ\iﬁﬁlllﬁﬁlﬂfg (Caco-2

Y ~ = = = v '
cell) ”lﬂwamuﬁm"lumsnw 3-27 9919190 3-31 uazgﬂﬂ 3-12 MNAAANINANITINITONIAT IC,,

[ ! : v @ ] 3 a 1
aaaaalumsnd 3-32 Fanunasanannluayseunu (Ethyl acetate extract) nnuiunige

1 o A A o ' [ a aa A ' A 1 s
Caco-2 cell @IUITANADU ) FIUAT IC,, 1NN 40 ]’l,lliﬂ'iﬂ'ill / UDADAT amﬂuuwmmmaa




M13199 3-27

HAAINANINATOL Cytotoxicity Y9IESANANNILAIZUHHUABD Caco-2 cell

84

ANMYNTY % Survival
(mcg/mL) n-Hexane Ethyl acetate n-Butanol Methanol
0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00
5.00 103.36 £4.21 101.08 £0.90 100.89 +4.54 101.63 £3.49
50.00 101.24 +£1.93 99.04 £0.76 100.24 +£2.89 99.23 £1.04
100.00 100.51 £1.95 99.54 +£1.51 95.18 £3.16 98.23+1.42

M1519N 3-28

HAAINANIINATOL Cytotoxicity Y9I 5anaINIUASTIA® Caco-2 cell

ANMVHTY % Survival
(mcg/mL) n-Hexane Ethyl acetate n-Butanol Methanol
0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00
5.00 102.24 £2.17 101.70 £ 1.68 95.72+£3.24 101.55 £ 1.61
50.00 101.63 £1.74 101.66 £ 1.60 93.29+2.41 100.20 £ 0.64
100.00 101.08 £2.04 101.05 £2.09 92.94 + 0.66 97.69 +0.94

15199 3-29

HEAINANIINATEL Cytotoxicity Yosamsanavnlaenmaniuiinme Caco-2 cell

AT % Survival
(mcg/mL) n-Hexane Ethyl acetate n-Butanol Methanol
0.00 100.00 = 0.00 ND ND 100.00 = 0.00
5.00 97.11 £4.28 ND ND 100.27 £5.31
50.00 9533+ 1.14 ND ND 100.20 + 1.81
100.00 95.64 +2.26 ND ND 100.00 £ 1.28




15199 3-30

HAAINANINATOL Cytotoxicity YoIm5anANINIUNUNNAS Caco-2 cell

85

ANMYNTY % Survival
(mcg/mL) n-Hexane Ethyl acetate n-Butanol Methanol
0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00
5.00 99.58 £0.70 100.51 £0.48 101.12 £ 0.48 94.10 £ 1.62
50.00 98.75 £3.20 99.35 £0.57 100.08 £ 0.57 92.94 +2.26
100.00 95.80 £0.95 99.62 +0.81 98.92 + 0.81 92.05 +£2.76

M13199 3-31

HEAINANIINATOL Cytotoxicity YIENTANAINIVTIIIAND Caco-2 cell

ANNTNYY % Survival
(mcg/mL) n-Hexane Ethyl acetate n-Butanol Methanol
0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00
5.00 99.27 £1.56 101.28 £1.05 102.47 £2.94 97.15+4.12
50.00 98.50 £1.34 101.08 £0.64 102.20 £0.41 96.41 £1.48
100.00 96.61 +£2.34 99.69 +0.70 100.70 £ 0.35 95.45+1.12

M31eil 332 waase IC,, vesmsanauanadIuienaaoU Cytotoxivity o Caco-2 cell

“ v daw M IC,, (mcg/mL)
W / adunle
Hexane Ethyl acetate Butanol Methanol

luazszuny >100 12.50 >100 >100
Tuel5a >100 >100 >100 >100
lununu >100 >100 >100 >100
1laennanuny >100 >100 >100 >100
lus199a >100 >100 >100 >100




86

120 luagszuviv-Hexane
e
100 L —= : 3
< 80
2
E 60 -
>
w
S 40 A
20
O T T T T 1
0 20 40 60 80 100
Concentartion (mcg/mL)
120 luazszuviv-Ethyl acetate
100 o+ * *
< 80
2
E 60 -
>
w
S 40
20 -
O T T T T 1
0 20 40 60 80 100
Concentartion (mcg/mL)
)
120 luagszuviv-Butanol
100 +¢ s -
- 2
< 80
2
E 60 -
>
w
S 40 A
20
O T T T T 1
0 20 40 60 80 100
Concentartion (mcg/mL)
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1

a
N

3-12 u@a9 Cytotoxicity A9 Caco-2 cell YOIMITANALLNTIN
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siii 3-12 (s10)
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% Survival
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siii 3-12 (s10)




% Survival

120 ~

A U A
1JaenNuny- Methanol

100

S [o2} [0
o o o
I I I

N
o o
|

gl

&

*

o

20 40 60
Concentartion (mcg/mL)

80

100

% Survival

120 ~

1uﬁvﬁu- Hexane

100
80
60 -
40 -

20

L 4

&
X

20 40 60
Concentartion (mcg/mL)

80

100

% Survival

120 ~

lusiuTin- Ethyl acetate

*

100
80
60
40 -

20

4

o
gl

20 40 60
Concentartion (mcg/mL)

80

100

51ii 3-12 (a10)
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A
120 - lusisda- Ethyl acetate
100 +* - —
< 80~
2
c
=} 60 7
(2]
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20
0 |
0 20 40 60 80 100
Concentartion (mcg/mL)
A
120 - 1151990~ Butanol
100 «* - —~
< 80 A
2
-
=} 60 7
(2]
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20
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A
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100 *3 * —*
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2
-
=} 60 7
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S 40 -
20
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siN 3-12 (A0)
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v A [y U
NanmsnAtaNEIANALENA I
Y 1 3 a { 1 < ' [
MNHANMINABEIENTANALENAIUNT 20 FHANNAINTNAY  dziuNensanavnly
o v A A v A ~ . . . 9 A = = Y A o
59 luiuiiy uaznldenwaiuniy taaegnd Antioxidation lagefigatazlignsIndifeany Tag
4 Y
gNBAINaFIUNE InM3dudeyyadasznazms reduction 133NN oxidised  intermediate
1 a 1 = FY & <3 1 Y =
substance  LAMINNIITUIANNOINNBVOIDINT IaanFaayuIng  szmunluezm Idheuazi
a R <3| a 1 J Y] M ]
Ysmananndmvewdenna  vinguinanuuiivaead  dsanaanludseluuaas
I a 1 4 o A ~ [ v A A v A
anuiluibaoad lngmwizaailsng luvagnansanaannlununuuaznaonnanuny
3 &£ g 3 A = . . I a ' 4 a
Tagm1z Tug methanol i uFuNUTAIGNT Antioxidant gagataanuiluiydoadllsng
9 v 4
Tagildine stimulation  Asiudennsadenasananludss  TlduSgniuazuenm

9
msdvgsmnamgas Inseadse 1

U o U Q'J
Nﬁﬂ]iﬁﬂﬂ!!ﬂﬂﬁ1§ﬁ1ﬂﬂlj’)ﬂﬂ‘iﬂﬂ1ﬂf\l5\1
Y
minaaouiesduTaely Colume chromatography 3 ¥ila e NPCC, RPCC g SECC
k4 LY dy
ldwamsnaaosnsne 1
o I o o
MsuenasdIfnYd1e NPCC uag RPCC 1ilumsuonlagedonanniued polarity 910
1 9 ~ . v 0 dy o w
mMsnaaeanu msuenlasld NPCC  Taoll molbile phase fdgio 1AM 1AD hexanes-ethyl
o 9y [ 3 = 1 (K]
acetate, ethyl acetate, ethyl acetate-methanol Mliansadamnamsuendurevdua lidanu ms
9 . 1 g;‘ 1 1 09.1} 9 A A .
¥2@28 mobile phase tMa1iu luanmnsavzuavasivanivesnui lame 1leow/asu mobile phase
g 1A A A o A < 9 = = = A
11 methanol  MuNTunuTIe NN MIUNYNTzaw T utounhafiswouReas liliuaudon
1 1% ] = [ 1
asnldon uaasnasanaivzlianuiupolar gaunmsz lugnwzAle non-polar solvents 1ag
o o : < 4 { <
UAYUNY siliga gel aTA1TU polar g9 iiorfdsuinld RPCC uaz 19 methanol 1y mobile
@ I Y = = 1 a A Y o [ .
phase  msanagnrzawwiunaunhafiswnu@eas lulinoudou udiimsvzaoau siliga
= & o o A o o A < o W .
gel faoududvn iumssudunasanaiinnuiiu polar gaunauluduny stationary phase
£ I~ =2 o q YY1 Yy A
(RP-18) Fa1in 1111 non-polar g9 3971 1e Ligwnsouenais 1dAe NPCC 5o RPCC
eimsnaaesuenanalaglsMannsued size exclusion (SECC) flomsusnaislag
g} % [ 3 U I~ Q'
Wninuazva TuanaveddIsanaliueg #anisnaasanunausateniuuoudisuand
A = A 2 z = Y dy o W ] . ' Y
M09, 1187 1ALIMA0IDNATI IABFILIVNUUAINEINY LAz @IWITOIND fractions @14 9 1A 35
k4
fractions 1194 35 fractions NINATOY Antioxidant activity A183% ABTS WUIAAE fraction
4 v Y
ANULTIVBINT UAnANY aduaaslualsen 3-33 aaiudaiwaag fraction JUANYY HPLC

patterns Wanisnaasaadlugiln 3-13



M3197 3-33 !!ﬁﬂﬂf’h TEAC 994 Fraction 310 SECC

Fraction number

TEAC * (mM/mg)

O 0 9 & A VLW N =

W W W W W W N N NN NN NN NN = e e e e e e e e e
WD A WP = O LV 0 9 O L A LW D = O VvV 0 N9 & LN A~ LW D = O

0.662 +0.337
0.447 +£0.230
0.564 +0.376
0.617 +=0.347
0.700 £0.210
0.454+0.139
0.183 £0.151
0.092 +0.038
0.076 = 0.049
0.179£0.130
0.235+0.170
0.321 +£0.201
0.349+0.179
0.483 £0.256
0.501 £0.196
0.478 £0.227
0.729 +0.381
0.803 £ 0.340
1.319+0.483
1.392 +£0.430
2.061 +1.583
1.594 +0.186
1.712 £0.196
0.893 +£0.572
0.595+0.292
0.370 = 0.299
2.907 +3.708
1.250 £0.993
0.993 +£0.729
2.173 £1.080
0.654 +0.381
0.573 £ 0.281
0.127 +£0.138
0.208 =0.219
0.112 +0.095

*=Mean+S.D., n=3

93



Fraction number 1 Fraction number 6

Fraction number 2 Fraction number 7

Fraction number 3 Fraction number 8

,./krh{ |
Fraction number 4 Fraction number 9
Fraction number 5 Fraction number 10

e

gﬂﬁ 3-13 uaaq HPLC pattern Y94 fraction 319 SECC

94



Fraction number 11

Fraction number 16

Fraction number 17

Fraction number 13 Fraction number 18

Fraction number 14

Fraction number 19

Fraction number 15 Fraction number 20

95



Fraction number 21

Fraction number 26

Fraction number 22

Fraction number 27

Fraction number 23

Fraction number 28

T

Fraction number 24

Fraction number 29

@
w
o

p
‘
ZM‘K—_A_,,¢JK,_—JM‘,&_/

Fraction number 25

Fraction number 30

96
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Fraction number 31 Fraction number 34
Fraction number 32 Fraction number 35

Fraction number 33

il 3-13 (a0)

k4 ]

MNANEUL HPLC pattern Y9919 35 fractions 19911013594 fraction N1¥Hand 18y 910
4

35 fraction 1120 6 fraction 9INUURINITNATOU Antioxidant activity 1835 ABTS Lazfny1
9 1 v Y Y
anye HPLC pattern 905 HaM3naaoaadluaisnei 3-34 uazgli 3-14 awddn il

Y= = ~ o . 14 [ A
lafny/ouifiouny HPLC pattern U994 Quercetin -~ 918 adudaalugilil 3-15 910 HPLC

' P [

pattern Y04UARY fraction AT Quercetin 1 1H N 131 luaseengn IuludS a3l Quercetin

I s ' 4 A Aa =g A 1 o &y o . .
LﬂHENﬂ‘]Ji%ﬂ’E]‘U ﬁﬁuﬂﬂﬂﬂizﬂ’f]‘]JE]uﬂiJi]‘l/]‘ﬁﬂE]ﬁ]iJE]QLﬂfuﬂu PINDININITLLYNLIDE Identification

ao 'l



A15137 3-34  uaAeA TEAC Vo4 Fraction 1533210 HPLC pattern

Fraction number

INAVINNITIINUDY

TEAC* (mM/mg)

I
II
III
v
v
VI

Fraction number 1-3
Fraction number 4-8
Fraction number 9-17
Fraction number 18-20
Fraction number 21-27

Fraction number 28-35

0.710 £ 0.004
0.073 £0.001
0.047 £0.001
0.563 £0.001
0.204 £ 0.001

0.317 £0.003

Fraction number I

*=Mean £ S.D., n=3

Fraction number IV

T i
v
"
.
S
D %
. AN
»
T b ; i z 3 P z

Fraction number 11

Fraction number V

Fraction number 111

Fraction number VI

98
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gllﬁ 3-15  uaa9 HPLC pattern U949 Quercetin

{ 8 o @ < . <
nnwanmsnaaoudosdurgiiuinasdinynligns Antioxidant activity 910 1URT

[ I ) { . [ 1 . .
Unzdua1ssinaning polarity ﬂﬂuélgl}NQ’Q 1% Flavonoid Quercetin HAZINNANTANY

9
=

' Pl v
Antioxidant 1INEFANAAI ) V09 1UHTINUIIAINVOY Methanol extract THNFgeNga dnwadl
[ Y 3
U311 % Yield mnfiga asiudaldinsaniiiegau Methanol extract vo3ludisnnimsnaaea
k4
Tuduneumsanauenasdine 1aeld Flash  column  chromatography HaNITNAADINUI

AN30IAY Fraction 1ANIHUA 90 flasks (1AU 100 ml/flask)  WANMINAABINAIINT TLC

4
=

aunsaiuns i ldidiu 6 §1061e daaaddumsied 335 a6 fee1 linadougn
Antioxidant activity 1@ DPPH Method Wm'meiazﬁaa&hﬂﬁ’qm%ﬁumwmmﬁmeiwﬁ’u Sail
C-D>E>B>F>A  aauaaslumssdi 3-36 uanud ¢ awsafalfiasenldisond b i
AN UTUYRIANTANANINY (1 mg/ml) C a11179AA Absorbance Y94 DPPH 19110031 D Tag

k4
Abs C =0.126 @71 Abs D=0.216 aaiuduaen lilideaudidune enseada C, D, ag E

19199 3-35 U@AIN135IN Fraction N 109 1NHAUBI TLC

asana JA91nM1359U Fraction Buaild o)
A Fraction number 1 - 10 4.997
B Fraction number 11 — 20 0.995
C Fraction number 21 — 30 1.529
D Fraction number 31 — 40 2.144
E Fraction number 41 - 50 1.133
F Fraction number 51 - 90 4.028
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M13199 3-36  UAAIA1 IC,, 910 DPPH Method VOIAAZAIDE

asana 13219715520 Fraction IC,, (mg/ml)
A Fraction number 1 - 10 0.0310
B Fraction number 11 — 20 0.0058
C Fraction number 21 — 30 0.0043
D Fraction number 31 — 40 0.0043
E Fraction number 41 - 50 0.0053
F Fraction number 51 - 90 0.0129

Wevhansada ¢ 31u9u 1.0015 nsu liimsuenanane Inely Sephadex  column
' < & 2
chromatography HWaN1TNAADINVINTINTDLNY Fraction 1@ aviua 30 flasks (¢t 100 ml/flask)
1% o ) [ [ % l 1% { 4
NaN1INAaDINAaN10N1 TLC mmmmmsauﬂu"lﬁlgﬂu 4 AIDYN ﬂ\illﬁﬂ\iﬁluﬁ"ﬁﬁﬁ 3-37 L‘ﬁ@
o 1 v v o ' J A sldd' =
mgmazmamq”thmmeﬂ@re) W‘U’J']ﬁ"liﬂiﬂﬁWﬁﬂW?%“l/lmiﬂ%ﬁiﬂuﬂﬁl!ﬂﬂ C-1I llﬂﬂiflfm N
o o A o I ¥ a = 09/' 1 1
H1C 11 NWVITﬂTiLLEJﬂLW’E)“VIﬂ“Hulﬂﬁ']iﬂiﬁ;ﬂ‘ﬁﬂ’f)ulﬂ %TﬂWﬁﬂ']i‘l/lﬂﬁ@\iﬂ']illﬂﬂ‘l]u@]@uﬁ@llﬂWU’ﬂ
<] q’j [ o o
AU UNY Fraction ul??])‘ﬂ\iﬁllﬂ 35 flasks (10 ml/flask) HANITNAADINAIIINNT TLC F1U1TDUINN
o PR @ 1 o ~ Y 1 A Y ~ =
i’JiJﬂ'LlllﬂL‘]Ju 3 Q708NN ﬂ\mﬁﬂ\ﬂu@ﬂiﬁ‘ﬂ 3-38 Q981N C-11-2 "l,ﬂwamﬂ TLC W84 spot (A8
A 1 9 a Q‘ =~ 1 A v 3 = A 1 2 o a 4
ﬂfl’ﬂklﬂﬁﬁﬂiq‘ﬂ‘ﬁ 1381731 Compound 1 Hanyuzunediaodoou i]\‘llﬂhlﬂ’nﬂ51$‘ﬁ”ﬂﬂ

Spectrophotometry ton1gas Inseasaae |

3197 3-37 HAAINI53IN Fraction C 11091nHavd3 TLC

msana 1@21nM 359U Fraction Wnadild Gadnda)
C-1 Fraction number 1 — 12 500.50
C-II Fraction number 13 — 15 48.80
C-1I Fraction number 16 — 23 250.10
C-1v Fraction number 24 - 30 182.90
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19199 3-38  HAAINI35IN Fraction C-11 N1A91NHAVUBI TLC

M3ana 13010715590 Fraction USanaild @iaandi)
C-1I-1 Fraction number 1 — 3 1.70
C-1I-2 Fraction number 4 — 10 14.90
C-11-3 Fraction number 11 - 35 30.30

dovhasana D $1uau 1.8040 5 Tshmsuenaniade Taely Toyopearl HW-40C
, < o <
column chromatography WaNITNAADINUIINTINITOLNY Fraction 1éMavina 120 flasks (tnu 10
@ o ) @ I o 1 o {
ml/flask) HAMINABDINEI17 TLC anmsarimnsuiu @iy 7 dreehe daaaaluaisian
3-39 Wehuaazdiegna llinmsuende wuhansamanzhmnganlunsuen - 18
aa 2 o ) A o I ¥ a = U ]
anga 0 DI whimsuenetld ldasusgniaell vamsnaassnu@nTamy
Y
Y [ o o [ 3 [ 1
Fraction 1A9191uA 30 flasks WANINARBMAI91INTI TLC aansarimnsauiulaillu 5 daee1s
H L] d‘ ~ = 1 a Qo’
aqaaaluaind 3-40  @106197 D-II-B 1@wa1n TLC 1#ied spot 1Aen Do laa1susgns
~ 1 = 3 =1 A [ 2K o a 4 A
1380731 Compound 2 Hanvauilumeaiaosoou mm”lﬂamiwmm Spectrophotometry (WO

gaslaseadnao

M19199 3-39  HAAIN135IN Fraction D N10910HaV99 TLC

a3ana 13010715590 Fraction WSanaiild @iaandi)
D-I Fraction number 1 -5 494.80
D-1I Fraction number 6 — 40 289.30
D-III Fraction number 41 — 64 61.90
D-1V Fraction number 65 — 78 76.30
D-v Fraction number 79 — 94 48.80
D-VI Fraction number 95 - 99 28.30
D-VII Fraction number 100-120 92.70
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M19199 3-40  HAAINI35IN Fraction D-III NA010Havd9 TLC

M3ana 13010715590 Fraction USanaild @iaandi)
D-1II-A Fraction number 1 —7 7.60
D-11I-B Fraction number 8 — 9 4.00
D-1II-C Fraction number 10 — 12 3.40
D-III-D Fraction number 13 — 18 24.60
D-III-E Fraction number 19 - 30 27.60

Weorhasada E 9110u 1133 5y ldmsuenanane Taeld Cosmosil 75um C18-
1 < 09.1}
OPN column chromatography WanN13NAADINUINTINITOINDY Fraction 1@avua 90 flasks Wan13
[ o ) @ I % 1 %] { 4 ) 1
NAaoINAaIINt TLC annsatihngunuldidu s dede dewaaslumsied 3-41 ot
azaled1e lUhimsuende nuhaunsamanzimanzaulumsuen B 1daNga 991l E-
o 1 1 <} . 09/’

I 1MIMISLENAD HAMINAABINLIEWNTANY Fraction IANIHUA 40 flasks WAMITNAADY
o o o ] 3| [V 1 [V { 4 ° [
H8991191 TLC anngariunsudulaiu 3 @red1e dwanasluaisien 3-42 Wethuaag
aegalUiimsuende wunaansamanzivinzaylunsuen E-1-B 1danga 11 E-II-B

1 1 <3 2/’ [ o

WWBNAD  NANITNAABINLINEINTINY Fraction 1@191NA 60 flasks HAMINAABIHAIINIT

) o PR o 1 [ ~ A o 1 o 1 o

TLC gngarihmnsunu lailu 4 dred1e duaaslumsien 3-43  Wethudazdedisldiims

uenae wuNEsaIaazinzaslumsuen E-I-B-b  1daNga 11 E-I-B-b wenso
1 I 09/1 o o

HAMSNAABINYIIAINTINY Fraction IANIHUA 70  flasks WANITNAABIHAIINI TLC
o @ 9y o 1 % A o 1 A Y

agnsariunsuduladu 4 dede duaaslumisiein 3-44  @196199 E-I1-B-b-2 1@kavin

= = A U a = a 1 =Y I a A 1 =<

TLC 1iig spot 102 1911 1@e505qnT 139n71 Compound 3 Nanvaziflumidimansoou 39

o a 4 4 1
1111315121019 Spectrophotometry 1o 1gAs 15931900 11/
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M3197 3-41 HAAINI53IN Fraction D 11091nHavd3 TLC

msana 1#21nM 359U Fraction Bnadld Gadnda)
E-1 Fraction number 1 — 7 74.50
E-1I Fraction number § — 27 691.30
E-III Fraction number 28 — 50 88.70
E-IV Fraction number 51 — 70 27.20
E-V Fraction number 71 - 90 66.00

3197 3-42  HAAINI53IN Fraction E-II N1021nNavad TLC

asana 16210M3553) Fraction Buaild Gaandu)
E-II-A Fraction number 1 — 8 23.20
E-1I-B Fraction number 9-- -21 567.50
E-II-C Fraction number 22 - 40 37.00

M19199 3-43  HAAINI35IN Fraction E-II-B 1100100 av93 TLC

asana 16210M3553) Fraction Buaild Gaandu)
E-1I-B-a Fraction number 1 — 14 35.80
E-1I-B-b Fraction number 15 - 30 231.00
E-11-B-c Fraction number 31 - 38 80.80
E-1I-B-d Fraction number 39 - 60 178.30

19199 3-44 HAAINI3IIN Fraction E-II-B-b N1091nHav83 TLC

msana 132191559 Fraction Wanaild @iaani
E-II-B-b-1 Fraction number 1 — 9 ND
E-II-B-b-2 | Fraction number 10 — 13 33.70
E-II-B-b-3 | Fraction number 14 — 22 ND
E-II-B-b-4 | Fraction number 23 — 70 ND

* ND = not determine
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=X Y thd' 4
Nﬁﬂ1‘iﬂﬂﬂ1g’ﬂiiﬂiflﬁ‘§1Qﬂlﬂﬂﬁ1§ﬂ§ﬁﬂﬁﬂl!ﬂﬂﬂﬂ

Q

4
=

msAn Inseaduesdsusans 1A nsAnE1 Mass spectra, IR spectra, 1Az NMR
spectra ﬁﬂ‘ﬁl‘ﬂu Proton NMR tlag Carbon NMR ﬂlE]QTcTﬁ“U?Q"VI“EﬁQ 3 %A (Compound 1, 2 L18 3)
HONIINTTLEIIAT I Melting point YB4ETAINAIBONAIY  HANTNAADIHIMelting point V8
aae 3 naaaluaand 3-45

HAN1TNAADIVIN Mass spectra UBJ Compound 1, 2 LaE 3 W‘U’hﬁﬁ‘ﬁﬁ 3 11N molecular
ion [M'] peak #1302, 302 uaz 464 ey sanaaslua1sed 346 dMTD IR spectra U4
Compound 1, 2 1oz 3 uaraalugalfi 3-16 feg1ii 3-18 awdidn 910 spectra Aanaramuiians

4 v v ¥
14 3 118AY vibration peaks 14%39 wave number Noglugrandrenudananslumsnen 3-47 ¥q

bl

[

Y 1
naaeneluInsead19ueeensng 3 I chromophore Ad AR wATIIY 4 ¥ila lAUA hydroxyl,

9

carbonyl, aromatic ring I@1¥ ether groups

v d v
M13197 3-45 1AA9A Melting point VoI suSgNnSinenla

Compound Melting point (OC)
1 300 (decompose)
2 300 (decompose)
3 220-225

M15197 3-45 HAAINAIN EI-MS vaImsu3gnsnuenla

Compound Molecular ion [M'] peak

1 302

2 302.

3 464
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v CE
M15197 3-47 1AA IR absorption band VeI sUIgNEHNenld

Compound IR absorption band at (em™) Expected groups
3293.82, 1616.06, 1511.92 and
1 hydroxyl, carbonyl, aromatic ring, ether
1166.72

3484.74, 1604.48, 15263.15,
2 hydroxyl, carbonyl, aromatic ring, ether
1052.94

3739.30, 1648.84, 1562.06,

3 1492.63, 1295.93, 1054.87, and hydroxyl, carbonyl, aromatic ring, ether

622.89

139111 Compound 1 11/AAE1A28 NMR  #an15nAaedaved 'H-NMR iag "C-NMR aad
' [ v
Tug1/9 3-19 naz 31/ 3-20 MWAIAY 910 spectra AINA1INUI peaks VDI H-NMR 1z “C-
NMR 4849 Compound 1 ATIAUNDANY peaks VD4 Quercetin N15189714 131147 (Arima 11ag Danno,
v k4

2002; Markham Ltazaie, 1978) Adudndua15199 3-48 9N Molecular weight U949 Quercetin
A o 4 A & d A v a o . A ¥
anwalanngas 1,0, Ao 302.24 FuiluaiIndiAeany molecular ion [M+] peak i 191N

mass spectra U3 Compound 1 A0 302 LAy melting point YD Compound 1 NmlndiReanuves
. Y . = Ao w Qs: a 1 = v Ay Y

Quercetin Glqu’]iiﬂﬂﬁﬁﬁl@\‘l Quercetin U chromophore NAIAYNY 4 FUATUIABINUN JA1n

o as/' = [ I . £~ 9 [V

IR spectra Y93 Compound 1 muumﬁqﬂm Compound 1 11l Quercetin C]Nil’sj@ﬂﬂiﬂﬁiﬁﬂﬂ

waaglugii 3-21
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300.0 400.0 50?.0 60?.0 704|).0 801[].0 900.0
1 N

200.0

100.0

abundance

IKEGAMI-CHI—4-

1.02

0.96

102

0.99

S

80 79 7.8

X : parts per Million : 1H : 32768

a

had
%
I
i}

6.8861 ——°
6.8650 —

!

s
-

6.6 6.5 6.

S
—
&
-
—_—

6.3810
6.3760
6.1772
6.1722

Filename
Experiment
Sample_id
Solvent
Creation_time
Revision_time
Current_time

Comment
Data_format
Dim_size

Dimensions
Site
Spectrometer

Field strength
X_acq_duration
¥ domain

X freq
X_offset

X points
X_prescans
X_resolution

X sweep
Mod_return
Scans

X_90_width
X_acq_time

X angle
X_pulse
Hmm.n_»nylxu:
Phase_preset
Recvr_gain

Relaxation_delay

Temp_get

SZTK-IKEGAMI-CII-4--4
single_pulse.exp

A

METHANOL-D3
1-MAR-2007 22:04:
2-MAR-2007 1.
2-MAR-2007 1.

IKEGAMI-CYY-4-

DELTA_NMR

9.389766 [T] (400 [MHz]
5.4624256 (s]

1K

395.78219838 [MHz]
6.0 [ppm]

32768

1

0.18306885 [Hz]
5.99880024 [kHz}
1

16

13.4[us]
5.4624256 [8)
45 {deg]

6.7 [us]

1[s]

3{us]

23

2[s]
30[d4c]

3-19 uand 'H-NMR v84 Compound 1

siii
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(Thousands)

-IKEGAMI-CII-4-BCM

1 Filename

= SZTK-IKEGANI-CII-4-BC
Experiment = single_pulse_dec
Sample_id Y
Solvent = METHANOL-D3
Creation_time = 2-MAR~2007 0. 7:56
o Revision_time = 2-MAR-2007 1 2:29
P Current_time = 2-MAR-2007 11:20:49
Comment = IKEGAMI-CII-4-BCM
Data_format = 1D REAL
Dim_size = 65536
Dim_title = 13c
m| Dim_units = (ppm]
Dimensions =X
Site = ECP400
Spectrometer = DELTA_NMR
Field strength = 9.389766[T] (400 [MHz]
<] X_acq duration = 2.6017792[s]
% X_domain = 13c
X_freq = 100.52530333 [MHg]
X_offset = 110 [ppm]
X_points = 65536
X_prescans =4
o1 X_resolution = 0.38435237 [Hz]
] X_sweep = 25.18891688 [kHz]
Irr_domain = 1H
Irr_freq = 399.78219838 [MHz]
Irr_offset = 5{ppm]
Mod_return =1
o Scans = 4500
<
] X_90_width = 10.5[us]
X_acq_time = 2.6017792(s]
1 X_angle = 30 [degl
] X_pulse = 3.5[us]
o] Initial _wait = 1llsl]
Pl Phase preset = 3{us]
Recvr_gain = 29
Relaxation delay = 1.5[s]
Temp_get = 30([dC]
<1
~

T T T T T T T T T - IR
180.0 170.0 ; _ ;Pe_ —me.w/ _ 140.0 130.0 ; ‘;e.a \/ 110.0 _ :E_e _

2 2 8 g P25 2 3 g 33 -

k=3 N [ - E ~ S 8 3 - b= 2

0 [ - Oy - L) « ® ekt - = w

[ g ¢ Z S8 ¥ s & 8 == 4 & 3

- = = - —-—— = - = - -

X : parts per Million : 13C : 65536

3-20 uaAd °C -NMR 99 Compound 1

51N

U




M13197 3-48 1@A3 NMR attribution Y839 Quercetin 1482 Compound 1

Quercetin * Compound 1
Attibution " : - ;
C H C H

2 146.9 148.9

3 135.5 137.3

4 175.8 177.5

5 160.7 162.6

6 98.2 6.16's 99.4 6.17 s

7 163.9 165.7

8 93.3 6.36's 94.5 6.37 s

9 156.2 158.4

10 103.1 104.6

1 122.1 124.3

2 115.3 7.72s 116.1 7.72s

3 145.0 146.3

4 147.6 148.1

5 115.6 6.87 d (8.5) 116.3 6.86 d (8.4)

6 120.0 7.62 d (8.5) 121.8 7.62 d (8.6)

* Arima 1% Danno (2002) ti8¢ Markham Hagame (1978)

311 3-21 waasgasinssa3s ¥89 Compound 1
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111831 Compound 2 TUJFnu1A78 NMR  wanm15naaesved H-NMR (ag "C-NMR iaaq
1 [ 4
Tz 3-22 waggli 3-23 M@ 1AY 910 spectra AINA1INUIN peaks YDINI 'H-NMR 1z C-
NMR v04 Compound 2 A5INUNOAND peaks Y84 Morin 3518914 13187 (Markham wazamy,
v 4 v
1978) eianaaelua13199 3-49 81919 Molecular weight U939 Morin 1w ldangas c 1,0,
;g oA o @ {
Ao 302.24 ¥aua11naiAe9AY molecular ion [M+] peak 714910 mass spectra U934 Compound 2
A . . A Y @ . 9
A9 302 118 melting point Y84 Compound 2 WA INdIABITUYEI Morin  Tugas Tasaadnaves
= d' o W z a ] = 1Y d' 9 [y z =
Morin U chromophore NHA1AYNY 4 FHAFUIAINUN A1 IR spectra UDN Compound 2 AIUUIY

a31/31 Compound 2 11 Morin FaligasInseadredauaaslugi 3-24

M13199 3-49 U@ NMR attribution Y89 Morin 1y Compound 2

Morin* Compound 2
Attibution a ; ” ;
C H C H

2 157.4 157.0

3 134.5 132.1

4 178.7 177.9

5 104.9 104.4

6 98.5 6.20's (2.0) 98.5 6.195(2.0)
7 162.1 164.7

8 93.7 6.39's (2.0) 93.4 6.39 5 (2.0)
9 165.0 161.8

10 157.8 158.1

! 122.0 121.9

2 145.1 144.7

3 116.2 7.20's 115.8 7.68 s

4 149.0 148.7

5 114.5 6.85d (8.0) 114.9 6.87 d (8.4)
6 122.3 7.58 d (8.0) 121.7 7.63 d (8.4)

* Markham tazaue (1978)
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1.96

101

0.93

0.35

0.29
0.29

0.12

95.62m

abundance

&
@
a
4
——p

74580 ——
7.4360
7.0963
7.0903
7.0340
6.9731
6.9511
68737 ——
68526 ——
5.9267
 5.8951

X : parts per Million : 1H :

Filename

Creation_time
Revision_time
Current_time

Comment
Data_format
Dim_size

Dim units
Dimensions
Site
Spectrometer

Field strength
X_acq_duration
X_domain

X _freq
X_offset
X_points
X_prescans
X_resolution
X_sweep
Mod_return
Scans

X_90_width

X_pulse
Initial wait
Phase preset
Recvr_gain

Relaxation_delay

Temp_get

SZTK-IKEGAMI-18-3.3dE

single_puilse.exp

a

METHANOL-D3
7-MAY-2007 23:19:22

10-MAY-2007 00 2

10-MAY-2007 00:03:53

TKO3086A
1D COMPLEX
32768

1

[ppm]

X

ECP400
DELTA_NMR

9.389766 [T} (400 [MHz]
5.4624256 (5]

1H

399.78219838 [MHz]

6.0 {ppm]

32768

1

0.18306885 [Hz]
5.99880024 [kHz]
1

16

13.4 [us]
5.4624256[s]

2[sl
30[ac]

3-22 uan9 H-NMR ¥89 Compound 2

51
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5.0 6.0

4.0

(Thousands)

SZTK-IKEGAMI-BCM

T
170.0

177.9693

X : parts per Million : 13C : 65536

164.7134
161.8038
158.1906
157.0283

T
150.0

148.7314

144.7321
132.1033
115.8499
114.9055
104.4637
98.5870
93.4139

Filename
Experiment
Sample_id
Solvent
Creation_time
Revision_time
Current_time

Comment
Data_format
Dim_size
Dim_title
Dim_units
Dimensions
Site
Spectrometer

Field_strength
X_acq_duration
X_domain
X_freq
X_offset
X_points
X_prescans

X _resolution
X_sweep
Irr_domain
Irr_freq
Irr_offset
Mod_return
Scans

1

X_90_width
X_acq_time
X_angTe
X_pulse
Initial wait
Phase _preset
Recvr_gain

Relaxation_delay

Temp_get.

[EE NN

SZTR-IKEGANI-BCH-4.3d

single_pulse_dec

A

METHANOL-D3
8-MAY-2007 08:28:04

10-MAY~2007 00:0: 7

10-MAY-2007 00:

SZTK-IKEGAMI-BCM

DELTA_NMR

9.389766 [T] (400 {MHZ]
2.6017792(s}

13c

100.52530333 [MHz]

110 {ppm]

€5536

4

0.38435237 (Hz)
25.18891688 [kHz]
1H
399.782198381{MHz]
5 (ppm}

1
7948

10.5 [us]
2.6017752[s]
30 [deg]
3.5{us]

1.5{s]
30[dc]

3-23 u@Ad "C -NMR ¥99 Compound 2

1
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3UM 324 waasgaslnsaadrs ves Compound 2

119111 Compound 3 11/AAE1A28 NMR  Han15nAaedaved 'H-NMR uag "C-NMR aad
' ' 4
Tugaa 3-25 naz 31 3-26 MUAIAY 910 spectra AINAI1INDI peaks VDI H-NMR 11ag "C-
) ) P p
NMR 483 Compound 3 ATINUNDAND peaks UDN Quercetin-3-O-glucopyranoside AiT1eau13udr
[ F4
(Slimestad tazAYE, 2005) AULEAIlUA1I519N 3-50 BNNY Molecular weight U4 Quercetin-3-O-
. o Y A £ A v 1Y .
glucopyranoside %ﬂmam"lmmqm (C,,H,,0,,) nDB 464.39 Futlumnlndineany molecular ion
[M+] peak 7114910 mass spectra Y93 Compound 1 AD 464 LA melting point Y83 Compound 3 1m
1nd1A8aNUUe3 Quercetin-3-O-glucopyranoside TugasTnsad319909 Quercetin-3-0-
[l k4 v
glucopyranoside 1l chromophore nd ”Iﬁiy,‘ﬁﬁ 4 silauaednun 1den IR spectra U9 Compound 3
A

= ' < . . 2L A Y Y
muumzﬁqﬂm Compound 3 11l Quercetin-3-O-glucopyranoside mmqmﬂﬂﬁmiwmuaﬂﬂugﬂ

713-27
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M1319% 3-50 U@ NMR attribution U89 Quercetin-3-O-glucopyranoside ta% Compound 3

Quercetin-3-O-
Compound 3
Attibution glucopyranoside*
“c 'H “c 'H

2 156.5 156.4

3 133.7 134.4

4 177.6 177.7

5 161.3 161.4

6 98.8 6.20d (2.2) 99.8 6.13d (2.0)
7 164.2 165.5

8 93.6 6.39D (2.2) 94.2 6.30 d (2.0)
9 156.5 157.4

10 104.2 104.3

! 121.4 121.7

2 115.3 7.83's 116.3 7.83d(2.2)
3 144.8 144.5

4 148.5 148.6

5 116.5 6.85d (8.5) 114.7 6.86 d (8.5)
6 121.6 7.58 dd (8.5) 121.5 7.58 dd (8.5)
i 101.4 5.16 d (7.8) 103.1 5.09d(7.7)
2 743 3.63m 73.8 3.55m
3 76.8 3.56m 75.8 3.48m
4 70.3 3.84m 68.6 3.85m
5' 775 3.46 dt (6.4) 77.0 3.42t(8.7)
6 61.3 3.53m 60.5 3.54m

* Slimestad oA, 2005
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9.02

1.59

1.04

SZTK-E-1IBb2~1H-TH5-10.jdf
E-IiBb2-1H-THS
-3
o]
2
o]
e
=
b
e
>
2
3
w ]
o]
<
3
=]
3
o]
<>
] s
E =
€ 3
3
Ed
H
2 ]
[
o]
. . .
8.0
1
cne @
Z8% 8
88 2
2538 8
mele e

——
P
—e

71292 ——
7.0545
6.3046
6.3014
6.1264
5.9130
4.8653 —
1.9404
1.2822

X : parts per Million : 1H : 32768

Filename
Author
Experiment
Sample_id
Solvent
Creation_time
Revision_time
Current_time

Comment
Data_format
Dim_size
Dim_title
Dim units
Dimensions
Site
Spectrometer

Field_strength
X_acq_duration
X _domain

X_prescans
X_resolution
X_sweep
¥od_return
Scans

X_90_width
X_acq_time
X_angle

X pulse
Initial wait
Phase_preset
Recvr_gain

Relaxation_delay

Temp_get

LR |

SZTR-E-ITBb2-1H-THS-1
JEOL LTD.
single_pulse.exp

a

METHANOL-D3
8-JUN-2007 10:20:52
$-JUN-2007 09:51:22
9-JUN-2007 09:51:54

E-IIBb2-1H-THS

1D COMPLEX
32768
B

1
{ppm]
X

ECP600
DELTA_NMR

14.09636928(T] (6001M
3.637248(s]

1H
600.17590566 [MHz]

1

0.27494153 [Hz)
$.00500501 {kHz]
1

18 [us]
3.63984362([s]
45 [deg]
9.5[us]

4[s)
251[4c]

3-25 uaa9 H-NMR ¥89 Compound 3

51
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(Thousands)

SZTK-E-1IBb2-BCM-THS5—6.jdf Filename = SZTK-E-IIBb2-BCNM-THS-
ﬂ\ﬁl——WUNIWGEI‘—.:m Author = JEOL LTD.
w Experiment = single_pulse_dec
Sample_id = a
Solvent =
Creation_time =
Revision_time -
Current_time -
4 Comment =
Data_format =
o] Dim_size -
3 Dim_title =
Dim_units -
Dimensions =
Site =
Spectrometer = DELTA_NMR
Field strength = 14.09636928[T] {600(M
X_acq duration = 1.736704[s]
X_domain = 13¢
° X_freq = 150.9300327 [MHz]
2 X offset = 110 [ppm]
X _points = 65536
X_prescans =4
X_resolution = 0.57581215 [Hz]
X_sweep = 37.73584906 [kHz]
j Irr_domain = 1K
B Irr_freq = 600.17530548 [MHz]
Irr_offset = 5.0[ppm]
Mod_return =1
Scans = 4745
<
« X_90_width = 12[us]
X_acg_time = 1.73704885{s]
X_angle = 30[deg]
X pulse = 4fus]
Initial_wait = 1{s]
Phase_preset = 3{us]
Recvr_gain =27
Relaxation_delay = 1.5[s]
Temp_get = 25([dc]
<
-

T T T T T T T v T
210.0200.0  190.0 —quﬂ 170.0 ﬂwew 1500 140.0 130.0 %@.e 110.0 \:ﬁc 90.0 we.e_ _ qeﬁ mﬁ...c 50. 40.0 300 200 100
,, L/

L o e e

© xS PR [ o ey onST © [UIISE w e
IR 23 ® o @ e ¥ Ragl o 49“%7 =5 ©E D
R =3 * o < ®ee T ROA XN QSRR TN f R ]
3] *3Ia S w - oot ISR A RVIFRRE N ]

< - 3 S < r -G FR RS ¥ HF e =S see
£ER She ¥ 3 3 ARaE IZRR CERRE B8 S5
- ——— - = - —_—— A=

X : parts per Million : 13C : 65536

3-26 u@A9 “C -NMR ¥839 Compound 3
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OH

31U 327 uaasgaslnssad1a vas Compound 3

Namiﬁnmqﬂﬁd Antioxidant vesmsU3gNsTnenla

o1 Compound 1, 2 tag 3 hlﬂﬁmﬁﬁﬂ‘ymﬂ‘fAntioxidant WionlSeniiousy Taels
3% DPPH, ABTS 1182 FRAP Method Wamsnaasduaailusl EC,, TEAC 1ag EC ﬁmaﬂﬂu
M3197 351 B9m519fi 3-53 AWEIRY INHAMINARBIRING1IVZ mmwmima‘n‘ﬁm 3 ¥ila
fgniusandt BHT iy positive control  Tngmniin1sannind IC,, 92411131 Compound 1 1
qm%hsmﬁw BHT fatszanm 180 1911 luvaiedi Compound 2 tae 3 ﬁi]‘ﬂ%ilﬁiﬂﬂ’h BHT szina
40— 60 1M1 MIATIITUIAAT TEAC 92191131 Compound 1 ﬁqmﬁmﬂﬁw BHT datlseana 7
i Juvzdi Compound 2 1A 3 ﬁqwﬁimﬂh BHT U523 3 111 A InWa13a1910a1 EC 92
#1191 Compound 1 Hgn5usend1 BHT fa1szana 12 wh luameii Compound 2 uag 3 fignd
s BHT sz 4 i mnnFeudoufussieasia 3 wiia Vawoagdlann

’

4 [
Compound 1 N5 antioxidant gefiga MWLM 9 A28 Compound 2 waz 3 AU

3 9 A I a 1 4
Compound 1 11‘1Jﬂﬂﬁ@ﬂﬂluq@ﬂ’]ﬂﬂﬂﬂ?’]ﬂlﬂuwyG]i’)!ﬁ]fﬁa



) d v v
M3197 3-51 waase IC,, vosmsuignsinenlaonludss

Compound IC;, (pg/mb*
1 1.20+0.02
2 5.41£0.20
3 3.58+0.05
BHT 220.00+0.10

* mean + SD (n=3)

= ' a S v v
19190 3-52  uaadn1 TEAC “IJENEﬂ§H§Qﬂﬁﬂ!!ﬂﬂ1ﬂ%1ﬂiﬂﬁjiﬂ

Compound TEAC (mg/ml)*
1 24.19 +0.06
2 9.93+0.16
3 9.11+0.13
BHT 3.35+0.08

* mean + SD (n=3)

\ d v Al
M151971 3-53 saasm EC vasmsusgniivenldainludss

Compound EC (mg/ml)*
1 35.64 £0.24
2 8.55+0.08
3 7.84£0.15
BHT 2.86 £ 0.05

* mean + SD (n=3)

120
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= I a 1 d

wamsaneanuduisnoisaaves Compound 1
) Y
1911 Compound 1 TvimsAamanuiuiivdead fawadisnd (PBMC) uay
4 3 A A o w A )
aguzishnuagn (KB-31)  uaaslua1sied 3-54 uaza1seh 3-55 awday waziieili
waoanswl agldidunsidegili 3-28 wag 3104 329 awddiy MnwanInaaei Ifaiu
Y '

IC50 Y04 Compound 1 #0119 PBMC 1ag KB-31 cells 3imu1nn31 100 lulasnsu / Hadans wu

A (= 3 a [ 4 a 1 o 4 < 9
19 Compound 1 hlﬂJﬂJﬂ’ﬂiJL“lJuWHﬂ@L“]fﬁﬁﬂiﬂﬁ LlaghlﬂJﬁnﬂiﬂ‘Vﬂiﬂﬂl“lfaszLﬁ\?ﬂWﬂﬂJ@Qﬂ]lﬂ

As1eh 3-54 uaadNanInaaal Cytotoxicity U89 Compound 1 fo PBMC

ANMUNTU(pg/mL) % Cell viability
0.00 100.00 £ 06.72
6.25 107.44 £ 11.04
12.50 122.56 + 08.36
25.00 125.77 + 05.08
50.00 148.45 + 17.73
100.00 251.54 + 37.68

319N 3-55 HaANanIsNAgew Cytotoxicity Y949 Compound 1 Ao KB-31 cells

ANMUNYH(ug/mL) % Cell viability
0.00 100.00 £ 0.15
6.25 100.07 £5.15
12.50 94.74 + 4.78
25.00 88.12 + 3.37
50.00 90.10 £ 0.47
100.00 90.06 +2.39
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Abstract

The ethanol extracts from 24 samples plant species commonly found in Thailand were investigated and compared on their antioxidant
activity by ABTS assay. The ethanol extract from the leaves of guava ( Psidium guajava) showed the highest antioxidant capacity with the
TEAC value of 4.908 & 0.050 mM/mg, followed by the fruit peels of rambutan (Nephelium lappaceum) and mangosteen ( Garcinia man-
gostana) with the TEAC values of 3.074 + 0.003 and 3.001 + 0.016 mM/mg, respectively. The further investigation of guava leaf extracts
from different solvents; n-hexane, ethyl acetate, n-butanol, and methanol, was examined using ABTS and FRAP assays. The total phe-
nolic content was done by Folin—Ciocalteu reaction. The results indicated that the methanol fraction possessed the highest antioxidant
activity, followed by the butanol and ethyl acetate fractions, respectively. The hexane fraction showed the lowest antioxidant activity.
The results demonstrated that the mechanism of antioxidant action of guava leaf extracts was free radical scavenging and reducing
of oxidized intermediates. The phenolic content in guava leaf fraction played a significant role on the antioxidant activity via reducing

mechanisms.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Antioxidant activity; Extract; ABTS; FRAP; Phenolic content; Guava

1. Introduction

It is well known that reactive oxygen species (ROS)
formed in vivo, such as superoxide anion, hydroxyl radical
and hydrogen peroxide, are highly reactive and potentially
damaging transient chemical species. Tissue damage result-
ing from an imbalance between ROS-generating and scav-
enging systems has been implicated in the pathogenesis of a
variety of disorders, including degenerative disorders of the
CNS, such as Alzheimer’s disease, cancer, atherosclerosis,
diabetes mellitus, hypertension, AIDS and aging (Halliwell
& Gutteridge, 1998; Mantle, Eddeb, & Pickering, 2000).

Antioxidant refers to a compound that can delay or
inhibit the oxidation of lipids or other molecules by inhib-
iting the initiation or propagation of oxidative chain reac-
tions and which can thus prevent or repair damage done to

" Corresponding author. Tel.: +66 53 944 311; fax: +66 53 278 708.
E-mail address: sirioko@chiangmai.ac.th (S. Okonogi).

0308-8146/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodchem.2006.07.034

the body’s cells by oxygen. They act by one or more of the
following mechanisms: reducing activity, free radical-scav-
enging, potential complexing of pro-oxidant metals and
quenching of singlet oxygen. Epidemiological studies have
shown that many phytonutrients of fruits and vegetables
might protect the human body against damage by ROS.
The consumption of natural antioxidant phytochemicals
was reported to have potential health benefits (Di Carlo,
Mascolo, Izzo, & Capasso, 1999; Pulido, Bravo, & Saura-
Calixto, 2000; Sumino, Sekine, Ruangrungsi, Igarashi, &
Ikegami, 2002). In recent years, there has been a consider-
able interest in finding natural antioxidants from plant
materials. The antioxidant phytochemicals from plants,
particularly flavonoids and other polyphenols, have been
reported to inhibit the propagation of free radical reac-
tions, to protect the human body from disease (Kinsella,
Frankel, German, & Kanner, 1993; Terao & Piskula,
1997), and to retard lipid oxidative rancidity (Duthie,
1993). In addition, the use of synthetic antioxidants has
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been questioned because of their toxicity (Valentao et al.,
2002). Therefore, there have been numerous researches
on these bioresources to seek for potential natural and pos-
sibly economic and effective antioxidants to replace the
synthetic ones.

Thailand, as a tropical country, shows on amazing
diversity of plants species. Some of them have long been
used as traditional medicines. Many of them were reported
to have various desirable activities (Okonogi & Murakoshi,
1994; Okonogi, Murakoshi, & Sekine, 1993; Sekine et al.,
1993). In the present study, we collected 24 plant species
that were commonly found in the northern region of Thai-
land. The ethanol crude extracts from the interesting parts,
such as the leaf, the stem, the fruit pulp and the fruit peel,
were evaluated and compared for their antioxidant activi-
ties. The plant whose ethanol crude extract showed the
highest antioxidant potential was further evaluated for its
mechanism of antioxidant activity and phenolic content.

2. Materials and methods
2.1. Chemicals

Gallic acid, 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sul-
fonic acid) diammonium salt (ABTS), ferrous sulfate (FeS-
0,4 - 7H,0), butylated hydroxytoluene (BHT), quercetin
(QCT), ferric chloride (FeCl; - 6H,0), and potassium per-
sulfate were from Sigma (MO, USA). B-Carotene and
2,4,6-tri(2-pyridyl)-S-triazine (TPTZ) were from Fluka
Chemicals (Buchs, Switzerland). Trolox was from Aldrich

Chemical Company (Steinheim, Germany). Ethanol, meth-
anol, n-hexane, ethyl acetate, n-butanol, and hydrochloric
acid were from Merck (Darmstadt, Germany). All other
reagents were of the highest quality grade available.

2.2. Plant material

Twenty four plant species were collected during April
and September from the northern region of Thailand.
Some of them are not indigenous to the area but grow
wildly in Thailand. The collection sources of plant samples
were different. Some were harvested from the plant gar-
dens, the others were purchased from local markets, as
shown in Table 1. Voucher specimens of certain plants
were deposited in the Herbarium of the Faculty of Phar-
macy, Chiang Mai University. The interesting parts of
plant samples were carefully separated and cut into small
thin pieces and dried at 50 °C for 2 days. The dried plant
samples were ground into fine powder and stored in a vac-
uum desiccator at 4 °C for further study.

2.3. Preparation of extracts

2.3.1. Ethanol crude extracts

The dried powder of each plant sample was extracted by
maceration with ethanol (100 g dried power sample/500 ml
of 95% ethanol) for 48 h (x3) at room temperature. The fil-
trates of each time were pooled and the solvent was
removed under vacuum at 45 °C using a rotary evaporator.
The obtained crude extracts were stored in a desiccator at

Table 1

The details of plants used in this study

Scientific name Local name English name Family Main traditional uses
Andrographis paniculata® Fa-talai-chon - Acanthaceae Antipyretic
Clausena lansium® Ma-fai-jin - Rutaceae -

Citrus hystrix® Ma-krut Lime Rutaceae Carminative
Cocos nucifera® Ma-prao Coconut Palmae Antimicrobial
Cymbopogon citratus® Ta-krai Lemon grass Gramineae Antibacterial
Dregea volubilis* Puck-huan-muu - Asclepladaceae -

Garcinia mangostana® Mung-kut Mangosteen Guttiferae Antidiarrhea
Gymnema inodorum® Chiang-da - Asclepladaceae Antihyperglycemia
Hylocereus undatus® Kaew-mang-korn Dragon Fruit Cactaceae -

Hyptis suaveolens® Mang-luk-ka Wild spikenard Labiatae Antibacterial
Lansium domesticum® Long-kong Lansium Meliaceae -

Leucaena leucocephala® Ka-tin Leucaena Leguminosae Relieves diarrhea
Marsdenia glabra® Puck-saew - Asclepladaceae Antipyretic
Mentha cordifolia® Sa-ra-nae Kitchen mint Labiatae Carminative
Musa sapientum® Kloay Banana Musaceae Antiulcer
Nephelium lappaceum® Ngo Rambutan Sapindaceae -

Ocimum basilicum® Ho-ra-pa Basil Labiatae Carminative
Ocimum gratissimum® Yee-ra Tree basil Labiatae Carminative
Ocimum sanctum® Ka-prao - Labiatae Carminative
Oroxylum indicum® Pae-ka Damocles tree Bignoniaceae -

Passiflora foetida® Sao-wa-rood Passion fruit Plasifloraceae -

Piper sarmentosum® Cha-plu - Piperaceae Carminative
Psidium guajava® Fa-rang Guava Myrtaceae Antidiarrhea
Thunbergia laurifolia® Rang-cherd - Thunbergiaceae Antipyretic

# Plant samples were harvested from medicinal gardens.

® Plant samples were harvested from local markets.
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4 °C. These ethanol crude extracts were subjected to ABTS
assay for comparison of their antioxidant activities.

2.3.2. Fractionation of extracts

The dried powder plant sample whose ethanol crude
extract showed the highest potential antioxidant activity
after the comparison test by ABTS assay was selected
and macerated in hexane for 48 h (x3) at room tempera-
ture. The residue after the third filtration was dried at room
temperature for 24 h to ensure hexane was completely
removed. The dried residue was further macerated in
another three solvents as follows; ethyl acetate, butanol
and methanol, respectively, in the same manner as hexane.
The filtrates of the same solvent were pooled together. The
solvent was removed under vacuum at 45 °C using a rotary
evaporator. The extracts obtained from each solvent were
kept in a desiccator at 4 °C for further study.

2.4. ABTS assay

This was done by using the ABTS free radical decolor-
ization assay developed by Re et al. (1999) with some mod-
ification. Briefly, the pre-formed radical monocation of
ABTS was generated by reacting ABTS solution (7 mM)
with 2.45 mM potassium persulfate (K,S,0g). The mixture
was allowed to stand for 15 h in the dark at room temper-
ature. The solution was diluted with ethanol to obtain the
absorbance of 0.7 £ 0.2 units at 750 nm. The plant extracts
were separately dissolved in ethanol to yield a concentra-
tion of 1 mg/ml. An aliquot of 20 ul of ethanolic test solu-
tion of each sample was added to 180 ul of ABTS free
radical cation solution. The absorbance, monitored for
5 min, was measured spectrophotometrically at 750 nm
using a microtitre plate reader. All measurements were per-
formed in triplicate. The free radical-scavenging activity of
each sample was expressed as trolox equivalent antioxidant
capacity (TEAC), which was obtained by comparing the
absorbance change at 750 nm in a reaction mixture con-
taining a sample of plant extract or test material with that
containing trolox. This index is defined as the millimolar
concentration of a trolox solution whose antioxidant
capacity is equivalent to 1.0 mg of the extract (Antolovich,
Prenzler, Patsalides, McDonald, & Robards, 2002). BHT
and QCT were used as positive controls.

2.5. Determination of the reducing power

The reducing power was determined by using a ferric
reducing ability of plasma (FRAP) assay described by Ben-
zie and Strain (1996) with some modification. Briefly, the
FRAP reagent contained 2.5 ml of 10 mM TPTZ solution
in 40 mM HCI plus 2.5 ml of 20 mM FeCl; and 25 ml of
0.3 M acetate buffer, pH 3.6, was freshly prepared. The
extracts were dissolved in ethanol at a concentration of
1 mg/ml. An aliquot of 20 pl test of solution was mixed
with 180 pl of FRAP reagent. The absorption of the reac-
tion mixture was measured at 595 nm by a microtitre plate

reader. Ethanolic solutions of known Fe(II) concentration,
in the range of 50-500 uM (FeSO,), were used as calibra-
tion curve. The reducing power was expressed as equivalent
concentration (EC). This parameter was defined as the con-
centration of antioxidant having a ferric reducing ability
equivalent to that of 1 mM FeSO4. BHT and QCT were
used as positive controls.

2.6. Determination of total phenolic content

Total phenolic content was analyzed, using the Folin—
Ciocalteu method described by Sato et al. (1996) with some
modification. Briefly, the plant extract was dispersed in eth-
anol to yield 1 mg/ml of test solution. An aliquot of 1 ml of
test solution was diluted with 9 ml of distilled water. After-
wards, 200 ul Folin—Ciocalteu reagent and 600 pl of 2%
sodium carbonate were added. The mixture was allowed
to stand for 2 h at room temperature before the absorbance
was measured spectrophotometrically at 750 nm. Gallic
acid was used as the standard for the calibration curve.
Total phenolic content of the sample was expressed as gal-
lic acid equivalent concentration (mg/ml).

3. Results and discussion
3.1. General

The antioxidant activity of plants is mainly contributed
by the active compounds present in them. The amount of
such compounds deposited in each part of the plant is usu-
ally different. In this study, 34 samples from 24 plant spe-
cies, as shown in Table 1, were investigated for their
antioxidant activity. The crude ethanol extracts of these
samples were used for comparison of their antioxidant
powers. The percentage yields of these ethanol crude
extracts are presented in Table 2. They ranged from
1.12% to 17.52%. The fruit peel of Citrus hystrix gave the
highest percentage yield whereas the stem of guava gave
the lowest.

Several methods have been used for evaluation of the
antioxidant activity of plants. Those are DPPH"-scaveng-
ing assay (Gamez et al., 1998), ABTS decolorization (Re
et al., 1999), FRAP method (Benzie & Strain, 1996; Pulido
et al., 2000), and B-carotene bleaching model (Dapkevicius,
Venskutonis, Van Beek, & Linssen, 1998; Hidalgo, Fernan-
dez, Quilhot, & Lissi, 1994; Jayaprakasha, Sigh, & Saka-
riah, 2001). Free radicals are a major cause of the
propagation stage of the oxidation process. The high
potential for scavenging of free radicals could inhibit
spreading of oxidation. Hence, the comparative study, to
seek for the highest potential antioxidant from the ethanol
crude extracts was carried out by a free radical-scavenging
method, using ABTS as free radical. This is an excellent
method for determining the antioxidant activity of a broad
diversity of substances, such as hydrogen-donating antiox-
idants or scavengers of aqueous phase radicals and of
chain-breaking antioxidants or scavengers of lipid peroxyl
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Table 2
The percentage yields and TEAC values of ethanol extracts
Plants Part used Yield (%)  TEAC
(w/w) (mM/mg)*
Andrographis paniculata  Leaf 6.48 0.397 £ 0.022
Stem 1.54 0.648 £ 0.047
Clausena lansium Leaf 8.66 0.491 +£0.011
Citrus hystrix Leaf 7.42 0.781 +£0.013
Fruit peel 17.52 1.20 £0.034
Cocos nucifera Fruit peel 5.80 1.53 +0.044
Cymbopogon citratus Leaf 10.05 0.631 £+ 0.057
Stem 16.37 0.324 +0.014
Dregea volubilis Leaf and stem  12.38 1.06 £ 0.087
Garcinia mangostana Fruit peel 7.21 3.00 £ 0.016
Gymnema inodorum Leaf 11.92 0.902 £ 0.052
Stem 391 0.718 +0.027
Hylocereus undatus Fruit peel 1.40 0.685 + 0.021
Hyptis suaveolens Leaf and stem 4.34 0.850 £+ 0.022
Lansium domesticum Fruit peel 5.71 0.507 £+ 0.002
Leucaena leucocephala Leaf 6.09 1.43 4+ 0.007
Pod 1.20 1.71 £ 0.033
Marsdenia glabra Leaf 11.56 0.673 £+ 0.044
Mentha cordifolia Leaf 11.13 1.84 £ 0.030
Stem 7.04 0.364 + 0.006
Musa sapientum Fruit peel 7.66 1.80 £+ 0.038
Nephelium lappaceum Fruit peel 10.68 3.07 £0.003
Ocimum basilicum Leaf 9.82 0.877 £ 0.010
Stem 4.85 0.783 4+ 0.022
Ocimum gratissimum Leaf 6.17 1.35+0.014
Ocimum sanctum Leaf 6.04 1.48 +0.030
Stem 3.65 0.877 + 0.004
Oroxylum indicum Pod 7.50 0.506 £ 0.009
Passiflora foetida Fruit peel 2.60 0.591 £+ 0.023
Piper sarmentosum Leaf 3.06 1.46 £+ 0.020
Psidium guajava Leaf 8.70 4.91 £ 0.050
Stem 1.12 1.96 £0.016
Fruit pulp 4.65 0.898 £+ 0.008
Thunbergia laurifolia Leaf 4.47 1.66 £0.011

# Values represent means + SD (n = 3).

radicals (Rice-Evans, Miller, Bolwell, Bramley, & Pridham,
1995; Rice-Evans, Miller, & Paganga, 1996; Robert et al.,
1999).

3.2. Antioxidant activity of the ethanol crude extracts

The results of primary screening of antioxidant activity
of all ethanol crude extracts were expressed as TEAC
value, as shown in Table 2. This value represented the mM
trolox equivalents/mg extract. The antioxidant activities of
the samples ranged widely from 0.324 to 4.91 mM trolox
equivalents/mg extract. The leaves of guava (Psidium guaj-
ava) showed the highest antioxidant activity with a TEAC
value of 4.91 4+ 0.050 mM trolox equivalents/mg extract,
followed by the fruit peels of rambutan (Nephelium lappa-
ceum) and mangosteen (Garcinia mangostana) with TEAC
values of 3.07 4+ 0.003 and 3.00 4+ 0.016 mM trolox equiva-
lents/mg extract, respectively. The stem of Cymbopogon cit-
ratus showed the lowest antioxidant activity among the
plant samples included in this study with the TEAC value
of 0.324 4 0.014 mM trolox equivalents/mg extract. When
the leaf and the stem of each plant sample were compared,

it was found that all plant extracts from the leaf exhibited
higher antioxidant activity than did those from the stem.
The extract from fruit peels also had a wide ranging antiox-
idant activity of 0.507-3.07 mM trolox equivalents/mg
extract, depending on plant species. Among the fruit peel
samples, the pericarp of rambutan showed the highest anti-
oxidant capacity whereas that of Lansium domesticum
showed the lowest. Of the 34 samples we analyzed, three
showed extremely high antioxidant activity (TEAC values
were above 3.0), 12 showed high antioxidant activity
(TEAC values were below 3.0 but above 1.0), 15 showed
moderate antioxidant activity (TEAC values were below
1.0 but above 0.5), and four showed low antioxidant activ-
ity (TEAC values were below 0.5). Within the extremely
high antioxidant activity group, the leaves of guava exhib-
ited the highest potential. According to the results from the
ABTS assay, we could expect that one of the antioxidant
mechanisms of guava leaf extract was via free radical-scav-
enging action. This result corresponded with the data
reported by Qian and Nihorimbere (2004), even if different
antioxidative test systems were used. In our study, three
parts of the guava plant were examined for their antioxi-
dant activities. The results showed that the antioxidant
activities of each part were obviously different. Guava
leaves showed the highest activity with the TEAC value
0f4.91 + 0.050 mM trolox equivalents/mg extract, whereas
the stem and the fruit pulp were much lower with TEAC
values of 1.96 4+ 0.016 and 0.898 + 0.008 mM trolox equiv-
alents/mg extract, respectively. Therefore, the dried pow-
der of guava leaves was selected for further investigation.

3.3. Antioxidant activity of guava leaf extracts

3.3.1. General

Qian and Nihorimbere (2004) reported that the extracts
of guava leaves with 50% aqueous ethanol (1:10) ratio
showed much higher antioxidant activities than did those
with water. This suggested that the polarity of the active
components in guava leaves was lower than water. As the
polarity of methanol was slightly lower than water, this
was considered to be one of the most suitable solvents
for this extraction. On the other hand, the antioxidant
activities of the guava leaf extracts from other lower polar-
ity solvents, such as n-hexane, ethyl acetate and n-butanol,
has not yet been reported elsewhere. Therefore, in this
experiment the antioxidant activity of guava leaves was
further studied by using several kinds of solvents for mac-
eration, of different polarities: n-hexane, ethyl acetate, n-
butanol and methanol, respectively. The extracts from each
solvent were subjected to the ABTS test and FRAP assay.
These two methods represented different mechanisms of
antioxidant action. A sample possessing ABTS free radi-
cal-scavenging activity indicated that its mechanism of
action was as a hydrogen donor and terminated the oxida-
tion process by converting free radicals to more stable
products, whereas a compound exhibiting a positive result
in the FRAP assay was an electron donor and it terminated
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the oxidation chain reaction by reducing the oxidized inter-
mediates into the stable form.

3.3.2. ABTS scavenging activity

The TEAC values of guava leaves extracted from differ-
ent solvents are shown in Fig. 1. All extracts possessed free
radical-scavenging activity but at different levels. The high-
est activity was obtained from the methanol extract, with
the TEAC value of 3.79 & 0.003 mM trolox equivalents/
mg extract, followed by the butanol extract and ethyl ace-
tate extract with the TEAC values of 2.90 + 0.023 and
2.65 £ 0.065mM trolox equivalents/mg extract, respec-
tively. The activities of the latter two fractions were above
70% of the methanol extract. The hexane extract exhibited
the lowest scavenging action with the TEAC value of
1.06 +0.017 mM trolox equivalents/mg extract which
was below 30% of the methanol extract. The antioxidant
activity of the methanol extract was higher than that of
the two positive controls, BHT and QCT, whereas the
other two high activity fractions were a little lower. It
was considered that the methanol fraction of guava leaves
was a good source of potent natural antioxidant activity.
Its high TEAC value, indicated that the mechanism of anti-
oxidant action of this fraction was as a hydrogen donor
and it could terminate the oxidation process by converting
free radicals to the stable forms.

3.3.3. FRAP reducing power

The principle of the FRAP method is based on the
reduction of a ferric-tripyridyltriazine complex to its fer-
rous colored form in the presence of antioxidants. The
reducing power property indicates that the antioxidant
compounds are electron donors and can reduce the oxi-
dized intermediates of the lipid peroxidation process, so
that they can act as primary and secondary antioxidants
(Yen & Chen, 1995). Fig. 2 shows the reducing power of
guava leaf extracts from different solvents. All extracts
had reducing power but not at the same level. The result

4.0 - 3785
3353 3366

2901

g
(=]
1

2.647

1061

TEAC values (mM/mg)
—_ )
=} o
1 1

BHT QCT GM GB GE GH

Fig. 1. Free radical-scavenging activity of guava leaf extracts from
methanol (GM), butanol (GB), ethyl acetate (GE), and hexane (GH) in
comparison with those of butylated hydroxyl toluene (BHT) and quercetin
(QCT).

clearly indicated that the methanol extract of guava leaves
had the highest reducing power with the EC value of
3.65 4 0.038 mM/mg extract. This was much higher than
that of BHT but a little lower than QCT. The ethyl acetate
and butanol extracts showed lower activity with EC values
of 1.1540.132 and 1.36 £ 0.032 mM/mg extract, respec-
tively, which were about 31-37% that of the methanol
extract. The lowest reducing property was obtained from
the hexane fraction. From this point of view, it was con-
firmed that the methanol fraction of guava leaves possessed
the potent antioxidant compounds. According to its high
EC value, it could be considered that compounds in the
methanol fraction were good electron donors and could
terminate oxidation chain reactions by reducing the oxi-
dized intermediates into the stable form.

3.4. Correlation of TEAC and EC values of guava leaf
extracts

Fig. 3 shows a relationship between free radical-scav-
enging activity, as TEAC value, and the reducing power,
as EC value, of guava leaf fractions extracted by four sol-
vents with different polarities. It was clearly seen that the
higher the polarity of solvent used in the extraction pro-
cess, the higher was the antioxidant activity obtained. This
led to the consideration that the most antioxidant active
compounds in guava leaves should be of high polarity.
The correlation between the two mechanism parameters
(TEAC and EC values) was quite poor (R* = 0.68). This
suggested that antioxidant components, existing in each
fraction, possessed different predominant mechanisms of
action. Moreover, the non-linear relationship between the
two mechanism parameters might be due to other effects
involving the nature of the active compounds existing in
the guava leaves and their synergistic effects. Several anti-
oxidants from plants have been reported to be polypheno-
lic compounds. Further study on phenolic content in each
guava leaf fraction would be beneficial, leading to more
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Fig. 2. Reducing power of guava leaf extracts from methanol (GM),
butanol (GB), ethyl acetate (GE) and hexane (GH) in comparison with
those of butylated hydroxyl toluene (BHT) and quercetin (QCT).
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understanding of the active compounds related to their
mechanism of action.

3.5. Total phenolic content

The total phenolic content of guava leaf fractions was
reported as gallic acid equivalent concentration (mg/ml).
The results showed that guava leaf fractions contained a
mixture of phenolic compounds at different levels accord-
ing to the polarity of solvent used in the extraction process,
in the following order: methanol > butanol > ethyl ace-
tate > hexane, as shown in Fig. 4. Plant-derived phenolic
compounds are well known to exhibit antioxidant activity
through a variety of mechanisms, including free radical-
scavenging, lipid peroxidation and chelating of metal ions
(Shahidi, 1997, chap. 11). Figs. 5 and 6 show the correla-
tion between the phenolic content of the guava leaf frac-
tions from different solvents, equivalent to gallic acid
concentration vs. free radical-scavenging activity as TEAC
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Fig. 3. Correlation of TEAC and EC values of guava leaf extracts from
methanol (GM), butanol (GB), ethyl acetate (GE) and hexane (GH).
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Fig. 4. Total phenolic contents of guava leaf extracts from methanol
(GM), butanol (GB), ethyl acetate (GE) and hexane (GH).

values and reducing power as EC values, respectively. It
was obvious that the phenolic content in the extracts
showed a much higher correlation with reducing power
(R>=0.98) than with the radical-scavenging activity
(R?>=10.56). It could be estimated that the phenolic com-
pounds present in the guava leaves played an important
role in antioxidant activity, directly through the mecha-
nism of reduction of oxidized intermediates in the chain
reaction. The leaf of guava has been reported to contain
many different kinds of phenolic compounds. Matsuo,
Hananure, Shimoi, Nakamura, and Tomita (1994) identi-
fied (+)-gallocatechin from the methanol extract and dem-
onstrated that it had an antimutagenic action against UV-
induced mutation in Escherichia coli. Huang and Zhang
(2004) reported that the major components in the ethanol
extract of guava leaves included triterpenic acids, carbohy-
drates and polyphenols. Liang, Quian, and Yao (2005)
analyzed several polyphenolic compounds from the leaves
of guava by HPLC-UV analysis and HPLC mass spec-
trometry. It was reported that these were gallic acid, quer-
cetin, procatechuic acid, chlorogenic acid, caffeic acid,
kaempferol and ferulic acid. From the two flavonoids
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Fig. 5. Correlation of TEAC values and phenolic contents of guava leaf
extracts from methanol (GM), butanol (GB), ethyl acetate (GE) and
hexane (GH).
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(quercetin and kaempferol), four flavonoid glycosides
(quercetin 3-O-a-L-arabinoside, quercetin 3-O-B-D-gluco-
side, quercetin 3-O-B-p-galactoside and kaempferol-glyco-
side) were identified. According to their polyphenolic
functional groups whose polarity was similar to that of
methanol, these active compounds could be completely dis-
solved in the solvent. These compounds were supposed to
play an important role in the antioxidant activity of guava
leaves. The lower correlation between TEAC values and
the phenolic contents in guava leaves indicated that not
only the phenolic compounds were involved in the antiox-
idant activity through this pathway. There might be some
effects involving other active compounds. Although many
known compounds were identified, it is not known how
much they contributed to the antioxidant activity present
in the guava leaves. This present study suggests possible
synergistic or competitive antioxidant action among such
active compounds. Therefore, further study should be car-
ried out to identify the predominant compounds of the
guava leaves with respect to their mechanisms and syner-
gistic actions.

4. Conclusions

Our data have demonstrated the wide range of antioxi-
dant activity among different species and parts of the plants
commonly found in Thailand. Among these, guava leaves
showed the highest antioxidant activity. Further evaluation
of guava leaves, using different solvents has demonstrated
that the highest antioxidant activity was in the methanol
fraction. The high antioxidant activity of such extracts
was attributed to radical-scavenging and reducing mecha-
nisms. The results demonstrated that the phenolic contents
existing in guava leaf fractions play an important role in
the antioxidant activity directly through the reducing activ-
ity mechanism, with some mutual action among the active
compounds through free radical-scavenging activity.
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Abstract

Antioxidant active compounds were isolated from methanol crude extracts of
the leaves of Guava (Psidium guajava L.) grown in Thailand. The isolated
compounds were screened for their in vitro antioxidant activity by a DPPH free radical
scavenging assay. Results indicate that three isolated compounds contribute
importantly to the antioxidant activity of guava leaves, providing a scientific basis for
the use of this plant in traditional medicine. Their structures were determined on the
basis of spectroscopic and chemical methods. The most active compound was found
to be quercetin along with two flavonoid compounds, quercétin-3-O-glucopyranoside
and morin. The isolated quercetin, quercetin-3-O-glucopyranoside and morin showed
significant scavenging activity with ICs of 1.20+0.02, 3.58+0.05 and 5.41+0.20 pg/ml,

respectively.
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Introduction

Free radicals are produced in normal and/or pathological cell metabolism.
Oxidation is essential to many living organisms for the production of energy to fuel
biological processes. However, the uncontrolled production of oxygen derived free
radicals is involved in the onset of many diseases such as cancer, rheumatoid
arthritis, cirrhosis and arteriosclerosis as well as in degenerative processes
associated with aging. Exogenous chemical and endogenous metabolic processes in
the human body or in the food system might produce highly reactive free radicals,
especially oxygen derived radicals, which are capable of oxidizing biomolecules,
resulting in cell death and tissue damage [1]. In recent years, there has been
increasing evidence that reactive oxygen species (ROS) are associated with
pathological conditions such as atherosclerosis [2] and carcinogenesis [3], as well as
with aging [4]. Thus, a lot of attention has focused on dietary antioxidants which may
have a potential for therapeutic use and prevention of these diseases. investigations
into the health maintaining properties of plants have resulted in the identification of a
wide array of bioactive compounds in plants that include flavonoids, phenolics,
limonoids, carotenoids, coumarins, phytosterols, etc. Based on recent research,
several compounds from fruits and vegetables were found to possess

anticarcinogenic and antioxidant activities [5]. Furthermore, flavonoids and
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carotenoids have also been shown to inhibit cancer cell proliferation in vitro [6].
Antioxidant activity by scavenging of reactive oxygen species is important in
preventing potential damage to cellular components such as DNA, proteins, and
lipids. In the course of screening for antioxidants in Thai medicinal plants, the
methanol extract of the leaves of Guava showed a scavenging activity toward ABTS
free radical decolorization assay and Ferric reducing power (FRAP) assay [7]. Guava
(Psidium guajava L., Myrtaceae) leaves have been used in folk medicine of Thailand
as an antidiarrheal [8] and antidysenteric; externally, they have been used as a
deodorant of mouth odor [9]

The aim of this work was to determine the active principles from leaves of guava

grown in Thailand, and to assess their antioxidant properties.

Experimental
Materials and physicochemical study

Melting points were determined on a Yanako melting point apparatus. IR
spectra were recorded with a JASCO FT/IR-230 spectrophotometer. NMR spectra
were recorded on a JEOL JNM-a400 spectrometer (400 MHz for 'H and 100 MHz for
13C). Chemical shifts are shown as & values, using tetramethylsilane (TMS) as an
internal reference. Column chromatography was carried out on Cosmosil 75um
C15-OPN (Nacalai Tesque), Sephadex LH-20 (GE Healthcare Biosciences AB), Silica
gel 60 (230-400 mesh) (Merck), Toyopearl-HW40C (Tosoh Co.) and MCI-gel

CHP-20P (Mitsubishi Co.). TLC was performed on pre-coated RP-18 Fs4 (0.25 mm)
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(Merck), and spots were detected by UV (254 nm) and by 10% H,SO, spraying
reagent followed by heating. Water was deionized and purified using a Milli-Q system
(Millipore, Bedford, MA, USA). All other chemicals used were of the highest

commercial grade available, purchased from Wako Pure Chemical Industries.

Plant material
The dried leaves of P. guajava were collected at Chiang Mai Province, Thailand.
A voucher specimen is deposited in the herbarium, Faculty of Pharméby, Chiang Mai

University, Thailand.

Extraction and isolation

The dried leaves of P. guajava (800 g) were partitioned by successive extraction
with n-hexane, EtOAc, n-butanol and MeOH to give n-hexane fraction (15.0 g),
EtOAc fraction (13.9 g), n-butanol fraction (11.9 g) and MeOH fraction (151.5 g),
respectively.

The antioxidant activity of the resulting fractions was determined by the use of
the DPPH method. The highly active methanolic fraction (20 g) was subjected to
silica gel column chromatography (Cosmosil C15-OPN, 75 pm, 6.0 cm i.d. x 40 cm)
and eluted with MeOH of increasing polarities with water (5 to 100% MeOH). The
volume of each collected fraction was 100 m to give 6 fractions (A,B,C,D,E,and F).
High antioxidant activity was found in fraction C, D and E. The highly active fraction C

(1.0 g) was re-chromatographed over a Sephadex LH-20 column (2.5 cmi.d. x 100
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cm) with MeOH, acetone:MeOH (1:1) and acetone. The most active fraction obtained
(48.8mg) was then subjected to silica gel column chromatography (Silica gel 60,
230-400 mesh, 1.0 cm i.d. x 20 cm) and eluted with n-hexane:EtOAc, EtOAc,
EtOAc:acetone, acetone and MeOH to yield compound 1 (14.9 mg) from
n-hexane:EtOAc (3:7) fraction.

Fraction D (1.804 g) was chromatographed over Toyopearl HW-40C (1.0 i.d.x70
cm) with aqueous MeOH (5, 10, 20, 30, 50, 70, and 100%) and 70% aqueous
acetone. The 10% MeOH eluate (61.90 mg) was separated to Cosmosil 75um
C18-OPN (1.0 i.d.x20 cm) and eluted with 5, 15, 25, 50, and 100% MeOH to yield
compound 2 (4.0 mg).

Fraction E (1.133 g) was chromatographed over Cosmosil 75um C18-OPN (2.3
i.d.x13 cm) and eluted with 20, 30, 40, 50, and 100% ethanol. The 30% ethanol
eluate (691.30 mg) was re-chromatographed over Cosmosil 75 ym C18-OPN (2.0
i.d.x12 cm) and eluted with 25, 50, 75, and 100% ethanol. The 50% ethanol eluate
(567.50 mg) was subjected to column chromatography over MCl-gel (1.0 i.d x 53 cm)
with 30, 40, 50, 60, and 100% MeOH to give four factions. The second fraction (231
mg) was re-chromatographed over Toyopearl HW-40C and eluted with 50, 53, 55, 57,

60, and 100% MeOH and 70% acetone to yield compound 3 (33.7 mg).

Free Radical-Scavenging Activity Assay
DPPH radical scavenging is considered a good in vitro model and is widely used

to conveniently assess antioxidant efficacy. In its radical form, DPPH free radical has



184 Suganya Tachakittirungrod’, Fumio Ikegami?, and Siriporn Okonogi™

an absorbance at 515 nm which disappears when DPPH is reduced by an antioxidant
compound or a radical species to become a stable diamagnetic molecule. As a result,
the color changes from purple to yellow [9]. This color change is taken as an
indication of the hydrogen donating ability of the tested compounds.

The DPPH radical scavenging activity of the samples was estimated according
to the methods of Brand-Williams et al., 1995 [9] and Gamez et al., 1998 [10] with
some modification. Samples in MeOH (100 ul) were added to a solution of DPPH
radical in MeOH (200 pM, 100 ul), and the reaction mixture was left to stand for 30
min at room temperature in the dark. The scavenging activity of samples was
estimated by measuring the absorption of the mixture at 515 nm, which reflects the
amount of DPPH radical remaining in the solution. The scavenging activity was
expressed as the 1Cs, the concentration of samples required for scavenging 50% of

DPPH radical in the solution.

Results and Discussion

Phenolic compounds are the major group that contributes to the antioxidant
activity of vegetables, fruits, cereals and other plant based materials. In our previous
work, different solvents were used for the extraction of phenolic compounds from
guava leaves and we have reported [7] that a methanol extract gave high antioxidant
activities from 24 samples of plant species commonly found in Thailand. Therefore, in
the present study, the bioactive compounds from guava leaves were isolated and the

chemical structures were identified.
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The dried leaves of P. guajava were extracted sequentially with n-hexane,
EtOAc, n-butanol and MeOH in order to identify the fraction with the highest
antioxidant activity. As reported previously, the methanolic fraction gave the highest
scavenging activity. The methanolic fraction was then fractionated and purified
according to the antioxidant test. The active purified principles were analyzed for their
chemical structures by IR, *C-NMR, 'H-NMR, MS analyses and in comparison with
the data of authentic quercetin [10-12], morin [13] and quercetin-3-O-glucopyranoside
[14-15). Results revealed the three active principles as compound 1, compound 2,
and compound 3 as follows.

Compound 1 was obtained as a pale yellow powder of melting point 300°C
(decomposed) and EI-MS m/z: 302 [M]". IR absorption band at 3293.82, 1616.06,
1511.92 and 1166.72 were consistent with the presence of hydroxyl, carbonyl,
aromatic ring and ether groups respectively. The proton and carbon NMR of this
compound were shown in Fig 1 and 2, respectively. The '"H-NMR (400MHz, CD;0D):
5 6.17 (1H, s, H-6), 6.37 (1H, s, H-8), 6.86 (1H, d, J=8.4, H-5"), 7.62 (1H, d, J=8.6,
H-6'), 7.72 (1H, s, H-2'). The "*C-NMR (100MHz, CD;0D): § 94.58 (C-8), 99.41 (C-6),
104.69 (C-10), 116.18 (C-2'), 116.39 (C-5'), 121.85 (C-6"), 124.32 (C-1"), 137.37 (C-3),
146.38 (C-3'), 148.19 (C-4"), 148.93 (C-2), 158.41 (C-9), 162.67 (C-5), 165.72 (C-7),
177.50 (C-4). From these results, compound 1 was considered quercetin and its

chemical structure is shown in Fig 3.
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compound 1 compound 1

Fig. 3 Chemical structure of compound 1

Compound 2 was obtained as a yellow powder of melting point 300°C
(decomposed) and EI-MS m/z: 302 [M]". IR absorption bands at 3484.74, 1604.48,
15263.15, 1052.94.were consistent with the presence of hydroxyl, carbonyl, aromatic
ring and ether groups respectively. The proton and carbon NMR of this compound
were shown in Fig 4 and 5, respectively. The 'H-NMR (400MHz, CD;0D): 56.19 (1H,

s, H-6), 6.39 (1H, s, H-8), 6.87 (1H, d, H-5'), 7.63 (1H, d, H-6"), 7.68 (1H, s, H-3"). The
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3C-NMR (100MHz, CD3;0D): 5 93.41 (C-8), 98.58 (C-6), 104.46 (C-10), 114.90 (C-3'),
115.84 (C-5"), 121.78 (C-6'), 121.94 (C-1"), 132.10 (C-3), 144.73 (C-2), 148.73 (C-4"),
157.02 (C-9), 158.02 (C-2"),161.80 (C-5), 164.71 (C-7), 177.96 (C-4). From these
results, compound 2 was considered morin and its chemical structure is shown in Fig

6.
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Fig. 6 Chemical structure of compound 2
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Compound 3 was obtained as a yellow powder. It showed melting point at
220-225 °C and EI-MS m/z: 464 [M]'. IR absorption bands at 3739.30, 1648.84,
1562.06, 1492.63, 1295.93, 1054.87, 622.89 were consistent with the presence of
hydroxyl, carbonyl, aromatic ring and ether groups respectively. The proton and
carbon NMR of this compound were shown in Fig 7 and 8, respectively. The 'H-NMR
(600MHz, CD3;0D): 53.42 (1H, t, 8.7, H-57"), 3.48 (1H, m, H-3""), 3.54 (1H, m, H-6a""),
3.55(1H, m, H-2""), 3.64 (1H, d, H-6b""), 3.85 (1H, m, H-4""), 5.09 (1H, d, 7.70, H-1""),
6.13 (1H, d, 2.0, H-6), 6.30 (1H, d, 2.0, H-8), 6.86 (1H, d, 8.5, H-5'), 7.58 (1H, dd, 8.5,
H-6'), 7.83 (1H, d, 2.2, H-2"). The "*C-NMR (150MHz, CDs0D): 5 60.59 (C-6""), 68.68
(C-47), 73.85 (C-2""), 75.82 (C-3""), 77.02 (C-57"), 94.26 (C-8), 99.85 (C-6), 103.18
(C-17")104.36 (C-10), 114.78 (C-5"), 116.34 (C-2'), 121.53 (C-6'), 121.79 (C-1"),
134.40 (C-3), 144.52 (C-3"),148.68 (C-4'), 156.44 (C-2), 157.40 (C-9),161.44 (C-5),
165.50 (C-7), 177.70 (C-4). From these results, compound 3 was considered

quercetin-3-O-glucopyranoside and its chemical structure is shown in Fig 9.
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Fig. 7 "H NMR spectrum of Fig. 8 *C NMR spectrum of

compound 3 compound 3
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Fig. 9 Chemical structure of compound 3

Many attempts have been reported in the literature to delineate the
structure-activity relationship underlying the natural antioxidant activity of certain
phenolic compounds. This may involve the neutralization of free radicals initiating
oxidation processes, or the termination of radical chain reactions, due to their
hydrogen donating ability [16]. In this study, the comparative biological activity of
three compounds isolated from guava leaves was evaluated as their antioxidant
capacity to scavenge DPPH free radicals. It was found that all three isolated
principles, quercetin, quercetin-3-O-glucopyranoside and morin had antioxidant
activity but at different levels as shown in Fig 10 with the IC5, of 1.20£0.02, 3.58+0.05
and 5.41+0.20 pg/ml, respectively. It was clearly seen that quercetin is the most
active principle in Thai guava leaves, followed by quercetin-3-O-glucopyranoside and
morin, respectively. This result could be explained by the higher antioxidant activity
being related to the greater number of hydroxyl groups on the flavonoid nucleus. The

antioxidant activity of flavonoids was considered dependent on the presence of ortho
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phenolic functions [17]. This finding is in accordance with the results reported by Bors
et al., 1990 [18] and confirms that the O-dihydroxybenzene (catechol) structure is an

important feature for enhanced radical-scavenging activity.

5.41

4 3.48

IC50 (ug/ml)
w

1.20
| .
0

compound 1 compound2 compound 3

Fig. 10 The ICso value (ug/ml) for the isolated compounds

Conclusion

The methanolic extract of Thai guava leaves has high antioxidant activity. The
active principles isolated from the methanolic extracts are three flavonoids with
different levels of antioxidant power. The structure elucidation study reveals that the

three active principles are quercetin, quercetin-3-0O-glucopyranoside and morin
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Abstract

This work was undertaken to explore the potential of fruit waste materials as sources of powerful natural antioxidants. The peels
of eight kinds of fruits commonly consumed and grown in Thailand were used. The ethanolic fruit peel extracts were subjected to the
scavenging tests of DPPH and ABTS radicals. Results from both assays were in good agreement that the top three markedly high free
radical-scavenging power was from the peel extracts of Punica granatum (pomegranate), Nephelium lappaceum (rambutan), and Garci-
nia mangostana (mangosteen). The ICsy values to quench the DPPH free radicals of these three extracts were 0.003, 0.006, and
0.023 mg/ml and the trolox equivalent antioxidant capacity (TEAC) values from ABTS assay were 4.066, 3.074, and 3.001 mM/
mg, respectively. The extract of mangosteen peel showed moderate toxicity to Caco-2 cells and high toxicity to peripheral blood
mononuclear cells (PBMC) with the ICsy values of 32.0 and 4.9 ug/ml, respectively. Pomegranate peel extract stimulated Caco-2 cell
and PBMC proliferation with the EDs, of 4.7 and 44.4 pug/ml, respectively. Peel extract of rambutan exhibited extremely high value of
ICs (>100 pg/ml) against both cell types indicating non-toxic activity to the cells. It was concluded that the peel of rambutan may be
considered potentially useful as a source of natural antioxidants for food or drug product because of its high antioxidant activity and

non-toxic property to normal cells.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Pomegranate; Rambutan; Mangosteen; Antioxidant; Cytotoxicity; ABTS; DPPH; Caco-2; PBMC

1. Introduction

In the past, many synthetic antioxidants have been pop-
ularly used in food and pharmaceutical formulations.
Recently, the demand for natural antioxidants has
increased, due to consumer concerns about the safety of
synthetic antioxidants (Hudson, 1990; Shahidi, 1997).
Among various plants, fruit is important as a natural anti-
oxidant source. The antioxidant activity in fruits is notable
since fruits are rich in compounds that have an important
role in free radical-scavenging activity. Those compounds
are polyphenols, such as flavonoids, tannins, and catechins

" Corresponding author. Tel.: +66 53 944 311; fax: +66 53 278 708.
E-mail address: sirioko@chiangmai.ac.th (S. Okonogi).

0308-8146/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodchem.2006.09.034

(Macheix, Fleuriet, & Billot, 1990). Moreover, fruits con-
tain many vitamins, which express antioxidant activity,
e.g. vitamin C, vitamin E, and B-carotene (Paul & South-
gate, 1978; Hernandez, Lobo, & Gonzalez, 2006). The anti-
oxidant activity in fruits varies among species and cultivars
(Award, de Jager, van der Plas, & van der Krol, 2001;
Kondo, Jitratham, Kittikorn, & Kanlayanarat, 2004).
The diverse antioxidant compounds present in fruits are
responsible for the high antioxidant capacity. Many exper-
iments have reported the antioxidant activity of fruit juice
and fruit pulp from edible fruits (Mokbel & Hashinaga,
2006; Valcheva-Kuzmanova, Borisova, Galunska, Krasna-
liev, & Belcheva, 2004; Bub et al., 2003). However, there is
a little information on the antioxidant activity in fruit
peels.
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Peels are often the waste part of various fruits. These
wastes have not generally received much attention with a
view to being used or recycled rather than discharged. This
might be due to their lack of commercial application
(Soong & Barlow, 2004). Interestingly, the peel and seed
fractions of some fruits have higher antioxidant activity
than the pulp fractions (Jayaprakasha, Sigh, & Sakariah,
2001). For example, pomegranate peel has a higher antiox-
idant activity than its pulp (Li et al., 2006). Apple fruit peel
was reported to be acclimatised to the prevailing light
exposure within the tree canopy to meet the respective
needs for dissipating excess absorbed photon flux density
and detoxifying reactive oxygen free radical species (Ma
& Cheng, 2003). Grape seed is higher than its pulp in anti-
oxidant capacity and is a rich source of proanthocyanidin,
which is very effective in scavenging various reactive oxy-
gen free radical species (Guo et al., 2003).

Thailand has a diversity of edible fruits. However, only
some of them are popularly consumed. Due to the high
consumption of their edible parts, their peels (as waste
products) have been discharged, causing a severe problem
in the community as they gradually ferment and release
off odours. As part of our ongoing research on antioxi-
dants from natural resources, the peels of popular fruits,
namely mangosteen, rambutan, banana, pomegranate,
coconut, long-gong, passion fruit and dragon fruit, were
selected for study. All are grown in Thailand. The edible
parts of some of these fruits, e.g. pomegranate and mango-
steen, have been reported to have high antioxidant activity
(Gil, Tomas-Barberan, Hess-Pierce, Holcroft, & Kader,
2000; Schubert, Lansky, & Neeman, 1999; Williams, Ong-
sakul, Proudfoot, Croft, & Bellin, 1995). However,
research on the antioxidant activity of the peels from such
popular fruits has been scarce. Moreover, the cytotoxicity,
particularly to normal cells of those peels, has not yet been
reported. The aim of this study was to investigate and com-
pare the antioxidant activity and cytotoxicity of fruit peels
commonly consumed and grown in Thailand in order to
search for a powerful non-toxic antioxidant source among
them.

2. Materials and methods
2.1. Materials

2.1.1. Fruits

Eight species of fruits most commonly consumed and
grown in Thailand were purchased from a local grocery
store. They were coconut (Cocos nucifera), mangosteen
(Garcinia mangostana), dragon fruit (Hylocereus undatus),
long-gong (Lansium domesticum), banana (Musa sapien-
tum), rambutan (Nephelium lappaceum), passion fruit (Pas-
siflora foetida) and pomegranate (Punica granatum).

2.1.2. Chemicals
Trolox, potassium persulfate, 2,2-diphenyl-1-picrylhydra-
zyl (DPPH), 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic

acid) diammonium salt (ABTS), dimethyl sulfoxide
(DMSO), 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl tetrazo-
lium bromide (MTT), non-essential amino acid (NEAA),
and Histopaque®-1077 were purchased from Sigma—
Aldrich (St. Louis, MO, USA). Dulbecco’s modified eagle
medium (DMEM), RPMI 1640, trypsin—-EDTA, and peni-
cillin-streptomycin were from GIBCO™ Invitrogen (Grand
Island, NY, USA). Fetal bovine serum (FBS) was obtained
from Biochrom AG (Berlin, Germany) and ethanol from
Fluka Chemicals (Buchs, Switzerland). All other chemicals
were of the highest grade available.

2.2. Sample preparation

The dried fruit peels were ground into fine powder and
extracted with 95% ethanol for three days, thrice, at room
temperature. The filtrates were pooled and concentrated by
rotary evaporator at 45 °C. The obtained semisolid extracts
were kept in a desiccator at 4 °C until further used.

2.3. Antioxidant activity

2.3.1. DPPH method

The scavenging activity on DPPH radical of all fruit peel
extracts was determined by modifying the methods of
Gamez et al. (1998) and Brand-Williams et al. (1995).
The extracts were mixed with ethanol to prepare an ethan-
olic test solution of different concentrations (0.1-1.0 mg/
ml). DPPH was dissolved in ethanol and mixed with a cer-
tain amount of the ethanolic test solution. The solution was
adjusted to a final DPPH concentration of 100 pM. The
mixture was shaken vigorously and left to stand for
30 min in the dark at room temperature. The amount of
DPPH remaining in each period of stand was determined
spectrophotometrically at 540 nm using a microtitre plate
reader. All measurement was performed in triplicate. The
radical-scavenging activity was calculated as % inhibition
from the following equation:

ODblank - ODsample

Inhibition =
% Inhibition oD,

x 100

2.3.2. ABTS method

The pre-formed radical monocation of 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS™) was gener-
ated according to the modified method of Re et al. (1999)
by oxidation of ABTS solution (7 mM) with 2.45 mM
potassium persulfate (K,S,0g). The mixture was allowed
to stand for 12 h in the dark at room temperature. The
ABTS solution was diluted with ethanol to the absorbance
of 0.7 £ 0.2 at 750 nm. Series of extract solutions were pre-
pared by dissolving in ethanol to yield a concentration of
1 mg/ml. An aliquot of 20 ul of each ethanolic solution
was added to 180 pl of ABTS™" radical cation solution.
The absorbance was monitored spectrophotometrically at
750 nm for 60 min by using a microtitre plate reader. All
measurements were performed in triplicate. The antioxi-
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dant activity of each sample was expressed as trolox equiv-
alent antioxidant capacity (TEAC), which obtained by
comparing the absorbance change at 750 nm in a reaction
mixture containing a sample of plant extract with that con-
taining trolox. This index is defined as the millimolar con-
centration of a trolox solution whose antioxidant capacity
is equivalent to 1.0 mg of the extract (Antolovich, Prenzler,
Patsalides, McDonald, & Robards, 2002).

2.4. Cytotoxicity

2.4.1. Caco-2 cell culture

The Caco-2 cells (ATCC, Manassas, VA) were routinely
cultured in Dulbecco’s modified Eagle’s medium supple-
mented with 10% fetal bovine serum (FBS), 1% non-essen-
tial amino acids, 100 U/ml of penicillin, and 0.1 mg/ml of
streptomycin in a humidified atmosphere of 5% CO, at
37 °C. The cells were used from passage 64—75. The culture
medium was renewed on alternate days. When they had
reached confluence, the cells were passaged at a split ratio
of one to four by trypsinizing with 0.1% trypsin and 0.02%
EDTA in phosphate-buffered saline (PBS). The cytotoxic-
ity study was performed when the cells grew up to 80—
90% confluency and were seeded into the 96-well plates at
a density of 8 x 10? cells/well.

2.4.2. Preparation of peripheral blood mononuclear cells
(PBMC)

Blood samples from healthy volunteers were collected
by venipuncture and transferred into 15 ml of heparin-
coated test tubes. Blood was diluted at 1:1 ratio with
PBS and layered onto Histopaque®-1077 at a volume ratio
of 3:1 and centrifuged at 1000g for 30 min. During centri-
fugation, the PBMCs move from the plasma and are sus-
pended in the density gradient isolating them from
erythrocytes and granulocytes. The PBMC layer was
removed and then washed twice with PBS. The supernatant
was then removed and the cells were resuspended in
RPMI1640 culture medium supplemented with 10% FBS,
100 U/ml of penicillin, 0.1 mg/ml of streptomycin and an
appropriate amount of sodium bicarbonate. Cell viability
was determined by using the trypan-blue dye exclusion
method. The cell density of PBMC used in the cytotoxicity
study was 1 x 10° cells/well of the 96-well tissue culture
plate.

2.4.3. Measurement of cytotoxicity activity

A standard MTT assay (Alley, Scudiero, & Monks, 1988)
was performed by plating Caco-2 cells or PBMCs in 96 well
plates, in 100 pl of medium per well, and incubating before
crude plant extract treatment at 37 °C for 48 h for Caco-2
and 24 h for PBMCs. After the incubation, various concen-
trations of crude plant extracts (5-100 pg/ml) in a medium
(100 pl) were added to the cells and incubated for another
48 h. Each extracted concentration was added into three sep-
arated wells. The metabolic activity in each well was deter-
mined by the MTT assay and compared with untreated

cells. Briefly, after removal of 100 ul of medium, MTT stock
dye solution (5 mg/ml MTT dye in PBS) was added (15 pl/
100 pl medium) to each well, and the plate was incubated
at 37°C in 5% CO, atmosphere. After 4 h, supernatant
was removed, followed by an addition of DMSO (200 pl)
to each well and mixed thoroughly to dissolve the dye crys-
tals. The absorbance was measured by using an ELISA plate
reader at 570 nm with a reference wavelength of 630 nm. The
experiment was done in triplicate. The cell viability was
determined by the following formula:

% Cell viability — Mean absorbance in test wells

Mean absorbance in control wells
x 100

Dose-response curves between percentages of cell viability
and concentrations of the extracts were constructed. The
50% inhibitory concentration (ICs), in the case of cell inhi-
bition, or effective concentration (EDsg), in the case of cell
stimulation, was determined from the plotted curve.

3. Results and discussion
3.1. The yield of extracts

Table 1 shows the percent yield of tested fruit peel
extracts. The highest (10.68%) and lowest (1.40%) yields
of extraction were obtained from the peels of rambutan
and dragon fruit, respectively.

3.2. Radical-scavenging activity on DPPH

The radical-scavenging activity on DPPH was expressed
as ICsy. This value was the concentration of the extract
required to inhibit 50% of the initial DPPH free radical.
The ICso of all peel extracts is shown in Table 2. Peel
extracts of different kinds of fruits possessed obviously dif-
ferent antioxidant activities. The ICs, values ranged from
0.003 to 1.291 mg/ml. The extract of pomegranate peel
showed the highest antioxidant activity, with an 1Csq of
0.003 mg/ml, followed by the peel extracts of rambutan
and mangosteen, with ICso values of 0.006 and 0.023 mg/
ml, respectively. The weakest antioxidant activity was
obtained from the extract of long-gong peel with an ICsq
of 1.29 mg/ml.

Table 1

Percent yield of extracts from different kinds of fruit peels

Plant name % Yield
Common name Scientific name

Rambutan Nephelium lappaceum 10.68
Banana Musa sapientum 7.66
Mangosteen Garcinia mangostana 7.21
Pomegranate Punica granatum 6.21
Coconut Cocos nucifera 5.80
Long-gong Lansium domesticum 5.71
Passion fruit Passiflora foetida 2.60
Dragon fruit Hylocereus undatus 1.40
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Table 2
1Cs values of fruit peel extracts by DPPH radical method

Plant name 1Cso (mg/ml)*

Common name Scientific name

Pomegranate Punica granatum 0.003 £ 0.002
Rambutan Nephelium lappaceum 0.006 + 0.003
Mangosteen Garcinia mangostana 0.023 £+ 0.007
Banana Musa sapientum 0.031 £ 0.004
Coconut Cocos nucifera 0.047 £+ 0.005
Dragon fruit Hylocereus undatus 0.084 +0.016
Passion fruit Passiflora foetida 0.104 +£0.014
Long-gong Lansium domesticum 1.29 £ 0.001

4 Mean + SD (n = 3).

3.3. Radical-scavenging activity on ABTS

The ABTS free radical assay can be used to measure the
antioxidant activity of a broad diversity of substances, e.g.,
both aqueous phase radicals and lipid peroxyl radicals
(Rice-Evans, Miller, & Paganga, 1996; Robert et al.,
1999). In this experiment, the ABTS method was used to
confirm the results from the DPPH test since it is based
on a similar antioxidant mechanism and the extracts used
in both tests were ethanol-soluble. The scavenging activity
of the extracts on free radical ABTS, generated by potas-
sium persulfate was compared with a standard amount of
trolox. The result, calculated as trolox equivalent antioxi-
dant capacity (TEAC), is shown in Table 3. All fruit peel
extracts possessed the free radical-scavenging property but
in different degrees. The TEAC values ranged widely from
0.207 to 4.07 mM/mg. The extract of pomegranate peel
exhibited the highest TEAC value of 4.07 mM/mg, followed
by that of rambutan and mangosteen with TEAC values of
3.07 and 3.00 mM/mg. The lowest TEAC value, which indi-
cated the weakest antioxidant activity, was obtained from
long-gong peel extract. This was in good agreement with
that of the DPPH assay. The relationship between TEAC
values and ICs, of the samples was non-linear, as shown
in Fig. 1. However, the plot of logarithmic values of ICs
against TEAC gave good linearity with R>=0.9167, as
shown in Fig. 2, indicating similar trends in the free radical-
and hydroxyl radical-scavenging activities.

Regarding these results, it could be considered that the
peel extracts of pomegranate, mangosteen, and rambutan
contained strong antioxidative agent(s), and pomegranate

Table 3
TEAC values of fruit peel extracts

Plant name

Common name

Scientific name

TEAC (mM/mg)*

Pomegranate Punica granatum 4.59 +0.009
Rambutan Nephelium lappaceum 3.07 +0.003
Mangosteen Garcinia mangostana 3.00 +0.016
Banana Musa sapientum 1.80 + 0.038
Coconut Cocos nucifera 1.53 £0.044
Dragon fruit Hylocereus undatus 0.685 £ 0.001
Passion fruit Passiflora foetida 0.591 4+ 0.008
Long-gong Lansium domesticum 0.207 £+ 0.002

4 Mean + SD (n = 3).
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Fig. 1. Correlation of antioxidant activity of fruit peel extract from DPPH
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Fig. 2. The linear relationship of logarithmic values of ICsy and TEAC.

had the highest potential. However, the utilization of these
extracts as antioxidative resources should not be introduced
unless their safety has been sufficiently proven. Pomegran-
ate fruit was reported to have high antioxidant activity
(Gil et al., 2000; Schubert et al., 1999). The peel of this fruit
had recently been reported to have higher antioxidant activ-
ity than its pulp and seed (Li et al., 2006). However, Ferr-
ara, Schettino, Forgione, Rullo, and Di Gennaro (1989)
reported that some galenic preparations of pomegranate
were toxic because of their alkaloid contents. There were
some reports of immunological disturbance after consump-
tion of pomegranate fruit (Igea et al., 1991; Gaig et al.,
1992). Vidal et al. (2003) revealed possible toxic effects of
P. granatum extracts in view of their anti-influenza activity.
It was shown that toxic effects of P. granatum fruit extract
occurred at higher doses than those effective in the models
where its anti-viral activity had been studied. Therefore,
study of cytotoxicity, particularly against normal cells,
should be considered as a need before the active agent from
these extracts can be generally utilized.

3.4. The cytotoxicity test

The Caco-2 cell line and PBMC were used for the cyto-
toxicity test in this study. The Caco-2 cell line is derived
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from a human colon adenoma and has been used routinely
in drug absorption screening, because the Caco-2 mono-
layer displays several features of the small intestinal epithe-
lial barrier (Hillgren, Kato, & Borchardt, 1995). The
cytotoxicity against the Caco-2 cell line could provide pre-
liminary information for study of toxicity on the normal
intestinal cell type and for the selection of appropriate con-
centrations required in a future permeability study of active
components. The potential toxicity of the extract on nor-
mal cells was assessed by the cytotoxicity test against
human PBMC. Many studies had utilized the PBMC to
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assess the effects of chemicals or extracts on the prolifera-
tion of normal cells (Anazetti, Melo, Duran, & Haun,
2003; Liu et al.,, 2004). Figs. 3 and 4 demonstrate the
dose-response curve of the fruit peel extracts against
Caco-2 cell line and PBMC, respectively. From these
curves, inhibition or stimulation of the cells could be
observed. The ICsy was obtained when the activity was
inhibition whereas the ED s, was obtained when the activity
was stimulation. The cytotoxicity against Caco-2 cell line
and human PBMC of all tested fruit peel extracts is sum-
marized and shown in Table 4. The results show that most

Cocos nucifera
120

100

[=]
o

%Cell viability
-]
o o

N
o

0 5 50 100
Concentration (ug/ml)

Punica granatum
200 g

iy

a

o
!

% Cell viability
)
o

50 4
0 T T
0 5 50 100
Concentration (ng/ml)
Nephelium lappaceum
120 P PP

% Cell viability

0+ T T
0 5 50 100

Concentration (ug/ml)

Hylocereus undatus

200

a
o

% Cell viability
S @
>.

o

5 50 100
Concentration (ug/ml)

o
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was determined by MTT assay in triplicate.
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of the fruit peel extracts included in this study had no cyto-
toxic activity against either cell type, except those from
mangosteen and pomegranate peels. This mangosteen peel
extract exhibited potential toxicity against Caco-2 cells and
PBMC with the ICs, values of 32.0 and 4.9 pg/ml, respec-
tively. This indicated that the extract of mangosteen peel
contained potential cytotoxic agent(s). Therefore, further
purification to eliminate the toxic agent(s) might be benefi-
cial for products containing the extract of the mangosteen
peel. The extract of pomegranate peel showed stimulation

of cell proliferation in both Caco-2 cells and PBMC with
the EDsy values of 4.7 and 44.4 pg/ml, respectively. This
suggested that the application of this extract, as a natural
antioxidant in a food or drug for humans, should be trea-
ted with caution. Among the three extracts which possessed
high antioxidative activity, rambutan peel extract exhibited
the highest value of ICsy (>100 pg/ml) against both cell
types, indicating its mild activity to the cells. According
to the standard National Cancer Institute criteria (Chen
et al., 1988; Geran, Greenberg, Macdonald, Schumacher,
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Table 4
Cytotoxic activities of the studied extracts against Caco-2 cell line and
PBMC

Plant name Cell Types
Caco-2 PBMC

Punica granatum Stimulate® Stimulate®
Nephelium lappaceum Inactive Inactive
Garcinia mangostana Inhibit® Inhibit?
Musa sapientum Inactive Inactive
Cocos nucifera Inactive Inactive
Hylocereus undatus Inactive Inactive
Passiflora foetida Inactive Inactive
Lansium domesticum Inactive Inactive

4 EDsp = 4.7 pg/ml.
® EDs, = 44.4 pg/ml.
9 1Cs0 = 4.9 pg/ml.

& Abbott, 1972), rambutan peel extract could be classified
as non-toxic to normal human cells. It could be used as a
natural source of antioxidant or even as a cancer-preven-
tive agent since antioxidative agents are usually found to
possess cancer-prevention activity. A good cancer-
preventive agent should show inhibitory activity toward
cancer cell growth, but not cause serious damage to human
PBMC. Anazetti et al. (2003) studied dehydrochrotonin
(DHC) which is a diterpene lactone obtained from Croton
cajucara (Sacaca) and dimethylamide-crotonin (DCR), a
DHC derivative. DHC and DCR (up to 400 pM) inhibited
HL60 cell growth, but did not cause serious damage to
PBMC. In this study, we found that the ethanol extract
from rambutan peel expressed high potential antioxidant
activity with no toxicity to normal cells. The peel of this
fruit will be a promising source of good antioxidative
agents or cancer-preventive agents. However, investigation
of the activity associated with further purification, the cul-
tivated conditions and the active constituents of this plant
may provide useful comparative information in the future.
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