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Abstracts The antioxidant capacity of the Psidium guajava leaf
extracted with EtOH and their MeOH fractions using column
chromatography were evaluated by 1,1-diphenyl-2-picrylhydrazyl
and 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical
scavenging assays, total phenolic and flavonoid content, and
Superoxide dismutase (SOD) assay. To determine its utility as a
functional material, the crude extract was fractionated by flash
column chromatography on ODS using a stepwise elution with
combinations of MeOH/H,O and then all the fractions were also
investigated. In the results of antioxidant activities, the 40% and
60% MeOH fractions show the meaningful values, and then the
two fractions were selected to examine the isolation and
identification of the major constituents via HPLC and nuclear
magnetic resonance. Further purification led to isolation of two
quercetin derivatives; quercitrin (1) and isoquercetin (2). Through
SOD assay, some methanol fractions via column chromatography
and isolated compounds showed improved antioxidant activities
compared to the extract.
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A3l FAJakAF (Reactive oxygen species, ROS)o|2kaL E-2)
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gk AEolth8]. okt o, e, LS HeH] 8= o
FA skl lom Fr AN e oY Bl A8
AREEO] FTH9]. E=F, A1, B, s e, 39T &
go] 2l ZoF HA HA JUtH10]. H2 A7 AEel
gk =2 AHoR Fomte I, v vvtg e A
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Abt, 2b, R, A, HER, PiE T ARk 34
oM AR 13,14]. =3, St o, ¥ 2 A"

I e Tk AW st gk HIAEE Sle Hlew
deA QUTH15]. o1H 3t quercetin A|E FES Yo
AEodA SrsEd Z29d FHE TAREd EHQA
quercetin  8}3FEZM  rutin  (quercetin-3-rutinoside)9}  thujin

(quercitrin, quercetin-3-L-rhamnoside, 3-rhannosyl qurcetin) &
o] tH16].

o] B A7 A wReR oo ilst S4s &
skgA7lel & AFelMe Fohit o ddes FEE A4 2
HAREIHIE SEsle] S e AusE 2Y9ES o
B3It FEECATE &ule] S wet ZEldE EEEE
< 7] OE stEEs EekL ik wepd, EIES &
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HE AR F P8 Sl S0 BIBS AYskn HEy

$g sfetely] Slsl 7 RERES) Fus B Masiit,
olF s S| HEAEORRE f AL FAs] 9
S WEd, FEE, 2R vase] 15N EY U9RE
o AHg7Fs OB Felskinh

As 2Py

AYAE & A%

B AP AREEE ol 9 Shpre A JEE Ay
= A ot A 100%E 28] =S T THIT
Siksl T8 HwE 8] XFE7F ascorbic acid, gallic acid,
quercetin®  Sigma-Aldrich (St. Louis, MO, USA)A 3}
o AMgstATh d4tst 58 HI/ME 9180 1,1-diphenyl-2-
picrylhydrazyl (DPPH), 2,2'-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid (ABTS) % Folin-Ciocalteu’s reagent= Sigma-
Aldrich, EZ-SOD assay kit= Dogenbio®l¥] F+3}e] AR5}
3L, st 24, 3= 9 24 2eE 99 A718vl= Sigma-

Aldriche} HAtelgell ) F-9isiitt.

2 4 &9
Fohak & 39 20 g0l 100% oNEHE-S 500 mLS A7k

o] Folul 4 oEe FE2ES Atk FEE sl ODS
resin (12nm, S-75um, ODS-A, YMC Co.)& ARg-3le] ZAH
IRrETHYE AAEINeH, HEks B 2:8, 4:6, 6:4, 8:2,
10:0 (vW)E 2z 47 & 100 mLE SAIde s &23in. =
Aol wet s7Re] R v &E|NS Y w53t A
3l &4 AE2 FHEFATHFig. ).

DPPH &% &A% &3

DPPH Uz 4752 Blois® W& Faste 431
[17]. W&k2S &vlE 0.004% DPPH £9E& At}
DPPH €9 190 uLe} A& 10 uLE gol wuksk ¥ oFaloA
3087 WESAIZl & ELISA reader (BioTek Synergy HTX,
Agilent Technologies, Inc., CA, USA)E ARE-3led 517 nmollA]
FHEE SHsIT ol SRS A8 Bl AIRE =
Ql GulE ARSSIL, FAAHETS ascorbic acidE ©]-8-35t
Algel 22 oz XSGty DPPH #HHZ &A% A
= IC@teE A= o, ICwkS U2 aS 50% 7
2A7IE AR FEE gt

ABTS g &4 84 24

ABTS 2Z 2758 Fellegrini 59 WS 431 =4
SFATYH18]. 7mM ABTS®} 2.45mM potassium persulfate S
FRTE fulE &l 2447 BeH G uEEATIH
ABTS 22 A7 Addo] A8-3t7] I8l ABTS 2+
Oz oo F34% glo] 1.0 o3kt HEE ek z 343}
Aok A ABTS & 190 uLo} AlF 10 uLs Egtate] U
S AEste] 1087 W8 th2 ELISA readerS ARE-3}od
4nmellA FFEE SASITE oju] SAURTES A O
Al ABE =91 &= ARSI, AU ZERTES ascorbic acid

a7s A IC#o=2 AEI o, ICik2 &dtiE 3
& 50% FRA)E AR s ovdin

Z e ¥ 33

5 = 2 Folin-Denis®] WHE o]-&sl] 4313
[19]. A& 10 pL} Folin-Ciocalteu’s reagent 10 pLE 7}l
A8 387 WS T2 10% Na,CO; &9 150 uLE 47
o] 1A]ZF & ELISA readerE AME-3t 765 nmollA §3=E
A8t AFEEE gallic acidE ARESlY] ¥F AL
2R3 & & ZEuE S 78192, gallic acid equivalent
(mg GAE eg/g)= ZAISISITh

Guava leaf

*Extraction |

EtOH extract

*Fractionation

| ODS Flash chromatography

20% MeOH  40% MeOH

60% MeOH

80% MeOH 100% MeOH

Fig. 1 Scheme for the fractionation from the Guava leaf
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ZF ZTHxol= g2 Nieva Moreno2] HHS O]ﬁé}oq =
AEATH20]. FEEE S48 A8 20 il 80% SlEHe 172
pul, 10% aluminium nitrate 4 ul, 1M potassium acetate 4 uL
g 717} Frlete] 4087 A2o)x dkEA]Zl & ELISA reader
E AFEEt 415mmollA FEEE FAsIAY. EEEHE
querceting ARE-St] EFE AFAE AP & F FEEo]
= S P8I SH, quercetin equivalent (mg QE/@)E A

Erdss

e £ ¢ 7223

40, 60% "IEHE B2 ES 94 HPLC (Column: YMC-ODS-
A, 5um, 4.6x250mm, A&7]: UV detector)Z AA|5l] 2%
9] 3l3HE quercitrin (1), isoquercetin (2)2 ATk HPLC &
242 gradient elutlon_& Tt on, o5 Sle SHT
(solvent A)9} MERE (solvent B)YS ARE3lth &7 A, BE
70:30 (%, VV)E *;jﬂ ste] QESlE AIAFIL o]F 30874
30:709] grjAdoR S4S F451%0H IOv:Z} washing 3
F o5 7452 1.0 mL/ming F-A13132 360 nmol|A]
e ﬁ%’shit} 360nm g FolM 204, 23.3M
ou] e FIAE AT F UATE F FHIAE A|FH] vlo}

TGl EAR Byl At s=r|2 st & o
gEZ9 'H NMR AHEZHLS &yazxigsin 257|714

Bruker 500 MHz FT-NMR Spectrometer (AvanceIII HDS500,

Bruker BioSpin GmbH, Rheinstetten, Germany)S 831313
LCMS system (1260 infinity, Agilent, Santa Clara, CA,

USAYS o]83te] AaFs 48kt

3418t &4~ (Superoxide dismutase, SOD) g4 34

ikl a s A& EZ-SOD assay kitE &85l =435l T)
T4 kit E0iU= Al wEh Al well, Blank 201 20

LW Hoj5=3l Blank 19} Blank 301 AIEE 591 4915 20

LA Yot} E wellol WST working solution 200 pL
g Yo]F 7 Blank 22} 39l& Dilution buffers 20 uL 23t}
I35 gh AL 7] 98] AlE wellz} Blank 29
Enzyme working solutionS 20 puL o] & ¥, 37°ColA 20
27 H&A]ﬂ—r%:} Hkg-o] % plateE ELISA readers A}

431 450 nmol| A EHE=E =4 0} \3} Blank 1—4 Ay
078t} WA o= A9 wkg

SAAE

BE AAAE 33] o] vy AFE AAlsk
2 Fetgke® eI SAEA-> SPSS package program
(version 20.0, SPSS Inc., Chlcago IL, USA)S o]&slo] 7}
AT 7k fFode @ZU} Duncan’s multiple range test
2 p<0.05 FEA A=

- =
A &

2% % 73

Fohh 4 ARE 228 3 A8 YUt By

Fohu} o) UL NHLE FEW BAe) Yo HHE

Table 1 ICso of DPPH and ABTS radical scavenging activity of the P.
guajava leaf ethanol extract and MeOH fractions

ICso (ug/mL)"
Samples
DPPH ABTS

Ethanol extract 25.77+0.35¢ 21.67+0.57¢
20% Methanol fraction 23.37+0.53¢ 30.53+0.11¢
40% Methanol fraction 32.13+0.66° 31.54+0.74¢
60% Methanol fraction 39.16+0.35° 18.79+0.99¢
80% Methanol fraction 63.03+0.64% 54.46+0.86°
100% Methanol fraction 63.74+1.78% 60.09+1.20*

Ascorbic acid? 4.71£0.03 2.33+0.02

All values are mean = SD. Values not sharing a common letter (a-¢) are
significantly different among groups (p <0.05)

DThe concentration in pg/mL required for 50% reduction of DPPH and
ABTS radical.

DPositive control

Table 2 Total polyphenolic and flavonoid contents of the P. guajava leaf
ethanol extract and MeOH fractions

Samples Total polyp%l)enol Total ﬂavg))noid
(mg GAE"/g) (mg QE”/g)
20% Methanol fraction 24.4543.03¢ 0.58+0.07 ¢
40% Methanol fraction 39.534+4.40% 1.29+0.05%
60% Methanol fraction 28.37+2.42° 1.34+0.08*
80% Methanol fraction 20.03+3.39¢ 1.04+0.04°
100% Methanol fraction 12.81+4.03¢ 0.91£0.07°

All values are mean + SD. Values not sharing a common letter (a-d) are
significantly different among groups (p <0.05)

DGAE: gallic acid equivalents

YQE: quercetin equivalents

sl7] flal 2 A S SAHSIAL, olF FEES ODS
AgaEnEada® 2gES Ask] st 58 S4E
248 A= Table 1, 298¢ 7o) Folul o oeke FEEo]
DPPH ¥ ABTS | &A &4 H7klA ICs#2
25.7740.353} 21.67+0.57 pg/mLE YERfo] 58k atsle s
A5 FEEZNYH 13 vee 2359 DPPH,
ABTS g oA G4 8 F s, SeExols T

gl A3, DPPH a}t]fq 27 B4 1Csfk2 20%, 40% U
che B3 Eo| zkzb 2337+0.53, 32.13+0.66 ug/mLE Tol o
1}*&@} %“éa YERASL, ABTS 2tz &7 84 ICshk>
Eo] 18.79+0.99 pg/mLOZE 7P 73 g ahat
st 245 E"M % ZeEE g 40% e BEFEo)
39.53+4.40 mg GAE/ge = 7Fg =4 &40 =X, 5 &=
Hi-ol= HES 40, 60% vﬂ%}% 5ol 717 1.29+0.05 mg
QE/g, 1.34+£0.08 mg QE/gZ =T} ol 40, 60% g
HEEoA kst S-S Ve stEol SHrEe dSE
RIsta, vie] HIES e €49 B4 w2 72 T
A S 98 4 EEE9 nuclear magnetic resonance
(NMR) HlolE] 45 218akitt.

fr
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Fig. 2 HPLC chromatogram of the combined 40%, 60% MeOH fraction and MS spectra of two major compounds. Quercitrin (1), Isoquercetin (2)
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Tohp ¢ dEtE FEFEZHE ODS geld TR o] &3t
ARAZnEIHGE TPt weEE 2YES FHIIG,
kst 24 5 HPLC #4412 58l 40, 60% MEhe #3285
Aste] HPLCE 23kt 40, 60% WEhe F-Eor &
g 7bsdt stes B gHsP] S8 7 2EE

Yol 252 8 935 I el sitE2 'H
NMR#} LRMS =HEZS Z4% & £33} v|ws)
FA3IATHFig. 2).

SR 12 =3 B FHE ZEEgen, LRMS &
Hed =4 A3} miz 447.17 [M-H]OIA ion peakZS &<ls}
Atk 39E 12 'H NMR ~HEZHS 2438 A3} 6-8 ppm
AtolollA aromatic ring® 2 == peak TNE ERIE 4 9
Atk gk 3-5.5ppm AtolellA 5719l peakE BRI 4 U
3, 1ppm ZH oA doublet WE peakES FA3tAch 'H
NMR 2HE#9] aromatic proton GHoA #ATZ] Ffe
ABX type proton signals (4 6.91, 7.31, 7.34)S &3l Th
H-5' (Gu 691)F H-6 (04 73D J=83HzZ A Z o
couplingd}al %)= doublet, H-2' (6y 7.34H)¢} H-6' (6 7.31)
J=2.1 HzZ A=Z m-couplingd}al $J= doubleteZ 34T 4
ARk F7HH o R H-6 (6y 62002 H-8 6y 6.37) J=2.1
HzZ XZ m-couplingd}2Z )= doubletS A3 TE 3-5
ppm Yol A anomeric proton signalZ &%= 5y 5.35 (H-
NS FFsA, Bl slFste 4719 proton signals (Jy
422, 3.74, 342, 335)2 ERISINLE 'H NMR ~ZEHOZ
st +2E HIRCE flavonoid ring -2} g Jlle] o] &
AgHE ddd 4 AT Fopt FEES E83 FRAEE
Al AT =EES RIste] Tt quercetin SFEEC] &
H AL & & AJA, doublet HIEQ! 5y 0.94 (H-6") A=
uigto 2 o] 7} rhamnoseZ ERISIATE A =EE
o] SIFEEF s E49| HolEHE Hwg d3 #Eg &

Zo] quercitrin¥dS & 4 AU [21].

p

il

Quercitrin (1)

Isoquercetin (2)

Fig. 3 The structures of compounds isolated from the methanol fractions
of P. guajava

Quercitrin (1): Yellow powder, LRMS m/z 447.17 [M-HJ;
'H NMR (CD,OD, 500 MHz): 6y 7.34 (IH, d, J=2.1Hz,
H-2"), 6y 7.31 (1H, dd, J=8.3, 2.1 Hz, H-6'), oy 691 (1H,
d, J=83Hz, H-5), oy 637 (IH, d, J=2.1Hz, HS8), oy
6.20 (1H, d, J=2.1Hz, H-6), 6y 535 (1H, d, J=1.5Hz, H-
"), 6y 422 (IH, m, H-2"), &y 3.74 (I1H, dd, J=9.4, 3.4
Hz, H-3"), 6y 342 (IH, m, H-5"), & 335 (IH, m, H-4"),
Su 094 (3H, d, J=6.1, H-6"Fig. 3).

SRHE 2v =3de] B YFuE EE5i o, LRMS &
Hedy =4 A3 miz 463.17 [M-H]9IA ion peakZS &<ls}
At 3HE 29 'H NMR ~HEHS #4351 A3 sjhE 1
3 vRIRE AAE] 219 ABX type proton signals? &
EolAQl peaks IRIT = AT} W, SFHE 1379 ZfolH
< doublet WE€o] AR 3-4 ppm Alelel signale] F717F
H AL st sIgE 19149 aromatic pattern 71<]
FARE Ao Z Hol quercetin 3HHEQl Ao R o, A
At =REe RIEEY EEst B dolEE Hlud F
I FEolst E30] isoquercetingdS & 4 AUATH22].

Isoquercetin (2): Yellow powder, LRMS m/z 463.17 [M-
HJ; 'H NMR (CD,OD, 500 MHz): & 7.71 (IH, d, J=22
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Fig. 4 The effect of EtOH extract, combined 40%, 60% MeOH fraction,
and quercetin derivatives isolated the MeOH fractions on the superoxide
dismutase (SOD) activity. Values are presented as meantstandard error in
three independent experiments. EE: EtOH extract, 40%+60%: Fraction
Combined 40% MeOH fraction with 60% MeOH fraction, Q: quercitrin,
I: Isoquercetin. Values not sharing a common letter (a-e) are significantly
different among groups (p <0.05)

Hz, H-2), &y 7.58 (IH, dd, J=8.5, 2.2 Hz, H-6), dy 6.87
(1H, d, J=8.5 Hz, H-5), oy 638 (1H, d, J=2.1 Hz, H-8),
Sy 620 (IH, d, J=2.1Hz, H-6), &y 524 (IH, d, J=7.6
Hz, H-1"), &y 3.72, 3.57 (2H, dd, J=11.9, 23 Hz, H-6"),
Sy 349 (IH, m, H-S"), &y 343 (IH, m, H2"), oy 335
(1H, m, H-3"), &y 323 (I1H, m, H-4")Fig. 3).

TFohl F2E, EYE U FIEA9 Superoxide dismutase
(SOD) &4 &3 Wl

A2k BA o Todls B F i SAlo|E g kg
DNA, vl gl 7]e} BE3H 228 &dA7e Zles o
#HA Utk WA= wlg AEe AR FESAI =S 11]74
slo] AE S we s oA 2"E TR el 2
< SOD EaE FulSAlo|= s sl 3 ke £
A= Fafshe e Edti23]. 2 A= 9 DPPH,
ABTS, total phenol @ total flavonoidollX] =& &1ksleES 7t
2 FE2EE AAEAL, ol& vl Z A WA doju=
A 2EHAE gAFoR AAT & UeAE ERIs] 9
3 SOD &4 *ﬂﬂﬂ& =74 2 HwE SOD B4
Tohul 9o oerE FEE, 40% WEE FEE 60% g
= %%%C’ el %“—% ,:hﬂﬁ 40, 60% =8=2 F2 3}
= F 255 L8t 2 A, ot oo BE AR
A SOD T eI, dehE FEE0A dYEAR J
A A7 D5 SOD B4e] efHoR Fope As &
olgk 4= Atk 40, 60% &3 wEE &3} quercitrin®]
SOD %*301 T HE Hlsd T)r%)\’a adS F UM,
isoquercetinO] 12.5, 25, 50 uyg/mLe] F=oA 7 =& &4
=5 JePthFig. 4). 8% ZgolA isoquercetin®] o]
ol E2l® quercitrin®] ¥R HA EEFHAUZ, o g &
AslEe Uehl7] JaiMe isoquercetin®] ko] ZrpF Do

-111

[or

Stk ZHSITh B APS el FEERVE dojd 13
wEo] gatsl o] 2] thadl SRE, T S5E &
o gus see

e Hl 2¥E 5 =9
isoquercetindll Al BRI} AL g018 4= Qi) FEEA
o] st A Adwe o] R3lat FAo] 8

e Qs g

= Wl 01%1:} aEE, AR mt fEAES s
AT RS ARRITH AAlEola ¥ &)l 71 &
Az g %F A& Ao AlgE

2 =

2 HYor= AR FES Psidium guajava U3} BHEA
ZrlETHIE o]ge WEE BIE s sEHE 43}
]i LF/}E—L 1=

7] $1s DPPH, ABTS A7 5H, &
¥, SOD assaym2 g4 2
60% HEE &
< Agsto] HPLCQ‘r ;A7 FHNMRYS &
< 53

A= %311 quercitrin (1)2} isoquercetin (2) —‘:r o'lT-/] quercetm
FEAE 28 2 72 AU SOD assay A¥olx AH
AZnETRIHE S8l 42 2o EIE TdEH
-,—F'Jb‘}- Q:G 2o zx\jiq 6‘}‘/\]—5] 6]—/\]—:5} D:]—/H o J}Li‘iE}_

W

Tohuk 9 - MY F=A - st 24
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