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Abstract

The purpose of this study was to evaluate the antioxidant and hepatocyte protective effects of guava (Psidium guajava
L.) leaves cultivated in Korea. The contents of the total polyphenol of the extract was 271.57 mg gallic acid equivalent (GAE)/
g residue. Antioxidant activities of leaf extract were evaluated by examining the free radical scavenging ability. 2,2'-azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and a-a-diphenyl-3-picrylhydrazyl (DPPH) free radical scavenging
activities of the extract were 1133.23 mg trolox equivalent antioxidant capacity (TEAC)/g residue and 721.68 mg TEAC/g
residue, respectively. The hepatocyte protective effect of guava leaf extract was examined in HepG2 cells. Against fert-butyl
hydroperoxide (TBHP), the viability of HepG2 cells were increased by the treatment of leaf extract. In addition, guava leaf
extract led to the inhibition of reactive oxygen species (ROS) generated in HepG2 cells. The leaf extract increased the
activity of glutathione (GSH), glutathione reductase (GR), and glutathione peroxidase (GPx) against oxidative stress. These
results suggested that guava leaves might be regarded as a potential source natural antioxidant and a hepatoprotective
material.
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A AT H AE Fo= Qs 71 7lsel &4
o] ZF = Jlow, AShA AEH AR Qlste] AYH ik
AA] 7+ £A)of FaES v)E 4= QhPaul LW 1999; Cederbaum
= 2009; Yoon & Jo 2010). Aol o] 23t SIS ol
3}7] $J5}te] superoxide dismutase(SOD), catalsase (CAT) S-3}
7o thoksl Akt a4rt A5 (Sies H 1999), A7}st
AP A9 o)5 BA0) 7502 HY $29 ROS FEES
$ABAT, Ao, oo AEdA Bof Reloz Ay
GAAATE Z271E] 7)1 = SFohRees 5 2008). B33 ROS2)
FTEE Qst Aol A TS = A AEFHAS WA
sh= 3HtES P4t &4 (antioxidant)o]2HaL st o] 2
3l SIRME = ¥4 ¢l AL E Vitamin C, Vitamin E, Z&}X
Lolegt 22 Zev= Al 3E Fol rhHalliwell &
Gutteridge 1999; Rees 5 2008).

F-oluN( Psidium guajava L)= BA|Z, Zofotd| g7} YAt
o] A UF-= AAE= AlA AR ollA 2 Al i
Al doiFd F sttolthleong T 2012). RIZFR R o)A 2]
Toht 42 ol d, HH o3l BR At 2 HAF 5o (7=
o] &EHen, o= AL, F7], 4HE, He= A=
A= o] &H 3L Ut Lozoya 5 2002). EZF, L&A=
Tohal QE o] &% AE EAREAE AF o= ST,
)= FDAE= Fopul & $&5-8 EAFUS(Everthing Added to
Food in the United States) 2] 2003 AHA| 02 SE3}0]
A o =S SHFT(o 5 2009). TR, Fjol A= A%
s AAATE Aol AFoEAA AA7E
NEBH TAY URE S UCHMEDS 2016). Foput
Q1 o= catechins, quercetin, rutin, kaempherol, naringenin %
gallic acid 51} 22 Tttt E2|dls sHghEo] =l 9L
o}l B 3% o] ¢tk Hsieh 5 2007; Nanititanon 5 2010). ©]&
gk EAL 2 Qlsto] JLotl 99| AlFE o Higt P+t R
IHJo 5 2009), in vitro Ao A Q] FASH a 1}9} tyrosinase
A A& a7 (Park & Onjo 2008; Nanititanon 5 2010)°]] of
g A7 AP = on, A7F Al W 5] A Z(Human
Umbilical Vein Endothelial Cell: HUVEC)o]A] A ZAFE 1A
(sth 5 2007) ¥ dtg Fopu} 9 FEE0] mouseo| A 1E

& SAsHE AR 5 2006 5 T Yol A7
I} ololA ek Tt o 9 ke F2El <1
7re) ZAIZO A 2] B} B4 B Tiobe TS L A
go] gt A7 BFET AHoITh wehy B e 7

oba} Qo] ZEE9| Gt 4T} HepG2 A Eol|42] Abst
2 AEFH 2] gidt NEZRS a5 dotE 1z} FHTh
N == U =

=4 EFIYEIA

A of AM-3E oK Psidium guajava L) Q-2 S8 34
Aufs7koll Al 2016\ 4ol Fufstiet. A o] ARE-gE AloF
% Folin-Ciocalteu's reagent, catechin, 2,2'-azino-bis(3-ethylbenzo-
thiazoline-6-sulphonic acid(ABTS), potassium persulfate, trolox,
1,1-diphenyl-2-picrylhydrazyl(DPPH), 3-(4,5-dimethylthiazol)-2,
5-diphenyltetrazoliumbromide(MTT), fert-butyl hydroperoxide
(TBHP), glutathione, glutathione reductase, nicotinamide adenine
dinucleotide phosphate(NADPH), 5,5'-dithiobis(2-nitrobenzoic acid)
(DTNB), ethylenediaminetetraacetic acid(EDTA)+ Sigma-Aldrich
Co.(Sigma Co, St. Louis, MO, USA.)ol| A Jtulj3}] 2.1, gallic
acidx= Santa Cruz BiotechnologyAH(Santa Cruz, CA, USA)o]| 4]
Foist it M3 v ol A8 Dulbecco's modified Eagle's
medium(DMEM), fetal bovine serum(FBS), 0.05% trypsin-0.02%
EDTA, 100 pnit/mL penicillin-streptomycin, Hank's balanced salt
solution(HBSS)-2 GibcoAK Lafayette, CO, USA)o)| A ¢35}
RISt

2. T7OHL & F&E2 M

Jropul Qe F2= Fof A|Fate] & f’(l T 52 1z
F -70Co|| 2ste] ARSI HE lla=s
Aol 52 AxT A U F 25 g ”ﬂE}i 150 mL$}
A A42(25C) 15AIZEESE 150 pmof| A H&ste] &3}
At AASHL o 1} %) (Whatman filter paper No. 2, Whatman,
Maidstone, UK)E ©]-8-5to] o3t F 755 7](EYELA N-
1000, Rikakikai Co., Tokyo, Japan)E o] &3} =35t & &
A2 2341 DMSOY]| o] -20TC o] st Ay ol AHg-st
ik

}93\1:}(Fohn & Denis 1912). Ftotd} ¢l

FZ5E 50 uLE 2% NaHCO3 500 L&} 53| &35k 5 50%

Folin-Ciocalteu's A|2F 50 nLE& 7}sle] g5l 96 well plate

of 200 pL 7 ELISA reader”|(Thermo Scientific Ltd, Lafayette,

€O US| S8 Sckdch A0l & Eebiel U

2 gallic acidE& EFEZ 2 3to] mg GAE(gallic acid equiv-
alent)/g residue2 e QI

20| g2 53

& ZetRxo|E e ZAL Zhishen T ol wet
A ¥ 5t thZhishen 5 1999). A|& F&E 250 Lo ZH4
1,250 yLE F7}s8kaL, 5% NaNO, 75 pLe} 233t & 6587+
or2xof] ¥FX|BEAL 10% AICI - 6H,0S 150 uL H71et 5 o4
of] 5E7F W3t 5 1 M NaOH 1 mLE F713t & & 33}
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o 510 nmoll A FHES 2Rehech AR A B Behu
o]z 9] FTFL catechinG BZE O Z AR5l AFAL 2
A3l AAFeEE 2.1, mg CE(catechin equivalent)/g residue2 1
eh e

5. ABTS BICIZ 27458 S5t et

ABTS 2]z 2752 Re 5(1999)¢] AFuHS B ¥
Fsto] APt 7.4 mM ABTSE} 2.6 mM potassium per-
sulfateS T F A2, Aol A 124]7F 52t WA]31] radical
< FAsta, A3 A 735 nmol| A SF=7} 1.000+0.10] =
T2 2542 A5kt AR 25 plof| 345 ABTS &N
0.5 mLE etubeofl A 2 S35, 3023t oA WAIGE &
96 well plate®] 200 LA &A 735 nmojA] SLE=E A3
At} TroloxS o] &3l ATAL ZAAstA T, 2z 24
52 mg TEAC(trolox equivalent antioxidant capacity)/g residue

= vehjg.

I
flo 0

-

6. DPPH 2IC|Z A7{SS S8t gitst £3

DPPH 2ttjZhe] tfgt 2}t3-o] 52 Blois 59 WS &
g5ta] 24519 thBlois MS 1958). 3]4E A& 25 uLe] 0.2
mM DPPH(Sigma Co.)&H 500 uL2 91, oFA0A] 3087
HES-A]7] & ELISA reader”| 2 520 nmoj| A S =& =43}
Aot FEEZL troloxE AFE-3} 2™, mg TEAC/g residue
2 27A%S YeEr It

7. MIZEHHQ¥

HepG2 A EZ+= ATCC(American Type Culture Collection, CL-
173, Manassas, VA, USA)oj|A & Wo} A g of AME-shich
A|EZE= 1% antibiotics@} 10%2] FBSE 55t DMEMS A&
&le] 37C % 3ol 5% CO, incubatorof| A vjeFstg o, 2
d Aoz X E wA st} FUTh

8. A|lZ SM 2 TBHPZEEH H351 &3

HjoFEl HepG2 AZE 96 well plateo]] ZF welld 2x10°2
seedingd}o] incubatorof| A 18A17F F<F vjFet & FBS7| 4
7b7) gk DMEM o] A28} TBHPE: 5]4435}e] 200 4L
¥ Pt ¥ 6A7 B9t AL AR A SUAA )
oF ¥ AEe] HEE ZHE MIT assayS 53 AA5HE0
™, ZF wellof] 4 mg/mL2 34 % MTT AJoFE 10 uLA &5
8k 2417k Sk vjekatsict. o] ) HAE formazane: DMSO
o &o] ELISA reader2 550 nmol|A] SF =& A5
(Yeon 5 2013; Lee 5 2017).
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5}
=oL oo i
AE Yol A YA ROSS %S Z43}7] $J8)4 DCFH-

Fotuh Qo] FAIS U ATRE A .

DAE o] &3t Lee 5(2017)¢] W& HFst AAsth
HjoF %21 A|ZE black 96 well plateo]] 5x10°¢] == 7}
wellof] B32313 18417+ & Fojul 9 2222 t}ofsl =
2 serum-free DMEMO| 50 4A7F 59t A2 sqith. o] %
Z} wello]l TBHPE FE5=7 1| mMo| HEE H7lstAth
1|7t & ¥ & A| A} DCFH-DA 20 uLE 343 DMEM
200 uLE 3087t A 23tqict. ¥hg & PBSE A EE A|HG
S AN|3Eo] HBSSE E53}1, synergy HTx(BioTek, Winooski,
VT, USA)E ©|-&3 7|3t 485 nm&} &3-S 530 nm
oA ROS &FE STt

10. Glutathione(GSH) &2F & ahitsl &4 &M =A

ksl HepG2 A|EZE 6 well plateo] 1x10° =2 ZF well
of £t 2447 ¥ serum-free DMEMO|| A|&E 3]4]
& 5 AZo] Heska 1847 ¥eF F 1 mM TBHPZ 34
3t DMEM2 2 Hjx| & nA|ste] Atehs| AEYAE FrEs)t
At 6A17F & cell scraperZ2 F|3}o] G20 B3t A
3= Vibra-Cell VCX 750 sonicator(Sonic & Materials, Inc.,
Newtown, CT, USA)E ARE3}e] 10%27F lysis3}g o, &3]
& 4TCoflA] 108&3F 10,000 pm .2 AHEF oL, FFHe
~70°Col| BPEtE, GSH R A B4 B4 olgatsich. Al
3 &) F GSH Baker 59 W ol whe} 7513 ch(Baker
T 1990). MlZ gafEol= SES JAAF7] A 5%
sulfosalicylic acidE A 7}5t & 4Tof|A 1087 10,000 rppm e
2 QARelsigch 94He) F A5 20 Lol 3 mM DINB,
400 pnits/mL glutathione reductase 12|31 2.5 mM NADPH7}
23 9-g ERE(IS0 1S B7Eek] 412 nmo 4] ELISA
readerE AMESH] 108 531 302 7HH S22 SH3¢ith GSH
o SEE BE THE o §3te] ANSNAL, DY SES
BCA protein assay kit(Thermo Scientific Ltd., Waltham, WA,
USA)E A#F3to] Thil 2 mew nmol GSHE F @I Al
o] GRS] B4B7H= DINBS AFgste] ARahsla,
thiobenzoic acidE AJAAAIA 412 nmo| A SF=E SA3SY
t}. Glutathione peroxidase(GPx)2] 442 GPx2] GSHE] Atsh
S2lo]| A3} gluthatione reductaseo]] 2|3+ NADPHS] A&
o] AgslE= 71224 cummen hydroperoxideS ARE-5}o] Al
=43} tHYeon 5 2013).

1. SHAzZ

A A= SAS 9.2(SAS Institute Inc., Cary, NC, USA) =
EORSE ALt HREHR B REQXE AESH
R, A7 AT 719 2po] 75 BAREA(ANOVA)S Al
33t &, Duncan's multiple range testE ©]-83}¢] p<0.05 =&

A Folde AAsHAT



36 499 - A5 - A9 HERET DR
Za Y pE A Eetrols St e Bl satEe] BoAR
2 A8 FABoRA g e AT wusy
1. £5 48 U 2Nz SEs By sickOisubisial 5 2007, T2 & Q7N AT
Sd A SASE ST S0 98 FAARE A Ao} @ 238 ool A% catcchin, queretn 5
NSl Busn MEeR F2AR0N, 2B BN B Lo Belsmol o AN Ao A=d
S22 333%2 Uehith 2229 § Zejus @ Sen

o= 3 Table 19 Ueh it A& EAsh= o
g = IRHES e ¥ ¢ I 5 AYgEe U
Bl 2oz HuEy glom, ofdt B4 wzof #H=A
StEo ey} 4kt E/dAtelof Aol wete] TRk
gk A7 o] FOA AL Qlth FEEY F HEIdE E§ES
271.5743.59 GAE mg/g residue2 YUERG oW, ZgtH co]=
AE FHE2] AL 166.04+5.70 CE mg/g residueZ SA =]}
o} olofE FFoput ¢S e 2 &3] %133t Mosbah
5(2018)2] Aol &JstH Z2jvE =S 179.43 mg GAE/g
extract, Z2} R =0|E &F2 210.18 mg CE/g extract® X 115}
Sk B AFATE It Fohl o 2EEL MATE
o5& ge) 3 Eeluli BES BRIk Aow
Uebte

2. gifjlg A9 s 53

Fohl 9 3%
DPPH z}t)Zbto] gt A|& 2] éﬂ o‘% Z+7} 1,133.23£2.19,
721.68+4.65 TEAC mg/g residue2 WEFG T, Tachakittirungrod
So) Aol wh2w Fojul 9& methanol2 &AL
butanol, ethyl acetate, hexane2 ©]-83}o] &3t AR &
o= stEo] 2v) o FEHULeH, HHFd 2AF
AR M E methanol 2 523 Fopul glo] hE goE of
g3 2&Eun g £A%e) Bohu Brksha Qo
(Tachakittirungrod 5 2007). 3}, Maisuthisakul 52 =&

3. A2 SM U MSH AEY AN CHE MEZES S0}

A&7} HepG2 A|329] F49f m| X @7k TBHPZ Akt
4 sEdast $ER Azl g REES Jokrs] 95
o] MTT assayE X3 5F3tHFig. 1A, 1B). A3 5%=(20, 10,
5,2.5 ng/mL)9] A& HepG2 N|ZoA S4& UehliA] &
%47] ol o]% A3dS X3ystqich TBHPE Atshs AEE|
27F § =9 HepG2 Ao 4= TBHP A 2]41(31.66%)] H]
stof 20 pg/mLO AR5 AP stAE Wi 62.37%= F718t
L A2 BAg & 99t AR SEst Z7kg] uet A
T QEE 9N §YH0R Fo45HE AL Lrerhgic of
23t Ak A2Ao] EAels Eavs setEel o
NEZ B% 7)% g&o|gt ddEthi(Pandey & Rizvi 2009).

4y ofn =at

AE A, =3} 202 05t AU SAAAZY] ofo] =
7¥std Ajazetz] 4, ‘ﬂ'“ A 2 X7} &AL oA 3}

b
.,
o
ok =
o
=
ok
mlo
Jl'N
ra

FCH(Aruoma O 1998). A2y &4
% S AEFH A F8 2 HO|
7] ol AlZolA BdE B4R Fe &7 flsh]
DCFH-DAE ©]-8&3 A& Xayst¢ithFig. 2). TBHPE o
02 AT Hlaw2 2 tiv] 352%7F S7He ROSE
Aol BAFYOL, ARE WA HeUstozs ROSS A
o] 7rashe AL ¢ S At HAEES 25 pgmlLES
Aot RE wis =T o] 193%= SHEHUL, i 5=

_|>:‘
B
1o
off
H1
rr
>
b
o
ﬂE

Table 1. Total polyphenols and flavonoid contents of the methanolic extract of Psidium guajava L. leaf. (n=3)

Total polyphenol (GAE mg/g residue)”

Total flavonoid (CE mg/g residue)”

Psidium guajava L. leaf methanol extracts

271.57 £ 3.59

166.04 £ 5.70

Each value is expressed as a meantstandard error.
DGAE: gallic acid equivalent.
JCE: catechin equivalent.

Table 2. ABTS and DPPH free radical scavenging activity of the methanolic extract of Psidium guajava L. leaf.

(0=3)

ABTS (TEAC mg/g residue)”

DPPH (TEAC mg/g residue)

Psidium guajava L. leaf methanol extracts

1,133.23+£2.19

721.68+4.65

Each value is expressed as a meantstandard error.
DTEAC: trolox equivalent antioxidant capacity.
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Fig. 1. (A) Cytotoxicity and (B) cell protective effect of methanol extract from Psidium guajava L. leaf methanol extracts
in HepG2 cells. Oxidative stress was induced by 1 mM fert-butyl hydroperoxide (TBHP). Each value is expressed as the
meansstandard error (n=3). Blots are representative of at least 3 independent experiments. N.S means no significant difference
between all treatment group and *° Means with different letters are significantly different (p<0.05) compared to control.

¢l 20 pgmLo] A 2E X 3t9& wi 133%= TBHP
Ao H|gte] fojH oz ROSQ| FAo] At AS
o AT

tob e
o

5. MIZ LY glutathione(GSH) &2k U SHAkS 4 BtM
GSH+ glutamate, cysteine, glycineo] 23E E|HElo|=
24 YFHE A GSHe} A5 H d GSSGE &A1 gttt GSH
o] tjFgo] AlEzdo] EAsHEA A W] A3l ghukg
o $83% J&= 3ok GSHe *Pﬁ} SEF A A W free
radical& A|A 8= $¥E sk 3lon, H0,9F A&}

400

300 A

Fluorescence(% to control)

200 - c
d d
e
100 -
0
Leaf extracts(ug/mL) - - 25 5 10 20
TBHP(1mM) - + + +

Fig. 2. Effect of methanol extract from Psidium guajava
L. leaf on the intracellular reactive oxygen species (ROS)
formation induced by zert-butyl hydroperoxide (TBHP). Each
value is expressed as the meantstandard error (n=3). Blots
are representative of at least 3 independent experiments. *™°
Means with different letters are significantly different (p<

0.05) compared to control.

ASHES djAbshs A4l GPx, GSTO| gt AAF A=
Azl A Aol F837 TS FrH(Zhang 5 2009). Al
AHEEE TBHP= M f H4t3} 7]12He] E43S 4oA Al
EZY o] GSHY] £=&& ZrAAZItKNishida £ 1997). wakA]
Fohh o 238 BAS Ak A A0 EANE
gts] s17] 934l TBHPE =445 =3t Al W GSHEF
.4 #3312 24519thFig 3). TBHPS 2|3t v] e 3291
nmol/mg protein .2 T2 85.67 nmol/mg protein 2T} -3-2]
Moz Fasigrt 2o ol o vEE 2EEE W
AL 1) 5 mgml FEOIHE BAHT FAT 5

120

100 A
ab
—T]

80 -

60 -

40 A d

GSH(nmol/mg protein)

20 -

Leafextra(c):ts(ug/mL) - - 2.5 5 10 20
TBHP(1 mM) - + + + + +
Fig. 3. Effect of methanol extract from Psidium guajava
L. leaf on tert-butyl hydroperoxide (TBHP)-induced cellular
redox state impairment. Each value is expressed as the
meant standard error (n=3). Blots are representative of at
least 3 independent experiments. ¢ Means with different
letters are significantly different (p<0.05) compared to
control.
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Fig. 4. Antioxidant enzyme activity of glutathione reductase (A) and glutathione peroxidase (B) were evaluated in HepG2
cells treated with 1 mM tert-butyl hydroperoxide (TBHP). Each value is expressed as the meantstandard error (n=3). Blots
are representative of at least 3 independent experiments. * Means with different letters are significantly different (p<0.05)

compared to control. GR, glutathione reductase; GPx, glutathione peroxidase; TBHP, tert-butyl hydroperoxide.

of GSH §H& Uebion], H 2559 20 mgmL g A28t
S = 93.33 nmol/mg protein S 2 2o H|FME
ooz F71e GSH sk BakElch ol Tolul ) v
wg 2220 o8 sy FEe FET Pus A8
/,\‘E} aAao A =712 Q3 AJEZEY GSH7} GSSGE
BY7] wEo] Ao g GSHO| F=7F 713t
2 H3Ith Moskaug 59 B4 o5tH EH= 33t
Az 9 FEAHNA GSHY s=& F7H0HL
AG3 1o m(Moskaug 5 2005), Jiao 52 HLof 95}
TBHPo]| 9]3l A% GSHQ] =%=7} catechin® #2392
0 Zoketthn Bustel B ATel vjsa AT ATE et
WekJiao = 2003).

¢

03L'

oo,

‘:‘fmoaﬁ
i)
ﬁ

£ AFolA e AL ot o FEE] FAbsh 28 9

2 AE BEEse] thste] A7 st £ A7 E ¢
o & Zesli W% WA B W RS AshY A=
ol e BE E3E Pohughth Folut 4 FEB B

s §F2 271.57 mg GAE/g residue2 YERG S ™, DPPH
W ABTS htiz 27%0] $4sbach Eak Foht 9 33
B2 THNZE A8y AEYAREE EHEste 02 U
Ehgth Fopu o 2HEL HepG2 A Zo|A TBHPZ §5

3 AISHY AEHAZRE A YEES ZIAAL ROS
o] A T3 2ol st foHog HAaAF o ETE
Folul o) 2ZEL GSH, GR 9 GPx 53} 22 A5} 214

o BAY BUY BHS ZHAIRCh WA Topt Qe

Absh ZHga BEE 529 BA3E F=3513, ROSQ A

2 Ao RN Hot AEHARYE AES RBHE
Aoz Yol B ATE B FA Tobul Qe 3h
MEZ RS Zgo] 43S HAFRT, A2 7 7154 7
HAE QLS AT 712 ARE DD S U AR 7]
g
2Alel 2
o] A 0ITAE Be}7|&HREARS Ao

AZA O] 2 YL Hro} 223E dFo]1(No. 2017RICIBI
008236), 5 w=7o] QB 2018WE BB 21+ AM ]| ©]3}e]
A Y=gl om, o] A=}
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