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2AEN &g 7Hsde AEStA skt AR Ay}, Fopt o FEE9] 948 ABTS radical &7
= ZRlIstath. RAW 264.7 thAA| oA Y] Al 542 vehta] gigkem Al oA ROS /3%
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Al S aureus, E. coli, C. albicans, P. acnes w7==0\A St Ao EQln|] o, Zb o5of tigt %
2 A HEMIOE A2 025 - 1 mg/mLe £5F02A4 P acnes = S aureus { E. coli { C
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Abstract : This study attempted to review the possibility of Psidium guajava leaf extract as a
cosmetics ingredient by measuring antioxidant activity through ABTS radical scavenging activity,
cytotoxicity in RAW 264.7 macrophages, ROS generation—inhibiting effects through DCF-DA assay
and antimicrobial activity, and the results found the followings: The Psidium guajava leaf extract
revealed excellent ABTS radical scavenging activity. In RAW 264.7 macrophages, no cytotoxicity was
found. The ROS generation in the cells was reduced in a dose—dependent manner. The antimicrobial
activities were observed in the following strains: S. aureus, E. coli, C. albicans and P. acnes. In terms
of minimum inhibitory concentration (MIC) on each strain, which ranged from 0.25 to 1 mg/mL, C.
albican was the lowest, followed by E. coli, S. aureus and P. acnes. The above results confirmed the
effects of Psidium guajava leaf extract: antioxidant activity, inhibition of ROS generation in the cells,
antimicrobial effects on skin flora which causes inflammation. Therefore, it appears that the extract
would be available as a cosmetics ingredient which is free of toxins and side effects.

Keywords  Skin flora, Antimicrobial activity, Antioxidant, Inflammation, ROS

1. M B + AdEsiaset e 55 wH|sk
FAALE ZteEelE ol FeAAE A
ROSE hydroxyl radical (‘OH), superoxide ShH, linoleic acid®] #A4E 7FH&t} linoleic
anion radical(O "~ . ), peroxyl radical (ROO-) acid®] #as= BYYH 759 o= z&sto
I 2 A4 FAHY GHZ singlet oxygen AEE(ETDS FEAIIHT-11]. =5 2
(" O.), hydrogen peroxide (H. O.), ohFet d5ol WAt Al o] ghitel wiol
hydroperoxide (ROOH)Q} Z-& H|zttzt FE HAAZF eFstElo] Fabst g4 9] o] HgAEH
= EARI1]. o5 2ehel &4 whgol] oj A AR AEATE AZSHA F7IRIE12,
F Eob AlxEE o]Fal Sl AAEAY AH 13].
ojuf T Fof whgste] FAAQ JsS & AA, vlgEl oJFt mFREz=|E0] HUglo]
wshA "oH2, 31, ol gl AlEE Abs) of T = thFet A Aol AMgEE of
2 AEHAE whol DNASA 2 APHo] 23| AR o=F Aol A8 28-S of=
o G, MIe, A9EA 49 D asw WEY HSXel=(benoyl peroxide), AHRo]
[e]

S & ol Al k3 dorA HH[4] 4t Eot HAHZO|EA FATANSAIDs) o] F
312 AE# A7 2&EH A8} drojnfo] 1t = A" 2y s S8l FARtsA Y
Hcth webd A U ®moopuzl mEoAg] Fap-gol| gt A7 Hargol whh QIAlof ¢F

ROS S dAIskAY A4dE ROSE H=4 Astal g3t 4t A FA E FEA A
oz AAT & 9l st gl 1S 95t e PR ohRt A-Eo] HAEHA AeH14,
A A A+ asis]. 15].

o= of Al o8 9FS vEs 2 Aol AH8H FoMH(Psidium guajava)=
w2 nEAgo] YT 4 Qity miE d33 A AAHeR otdhd 7|l de] *xsta
FHE mE ARFor:= e b e =FF T Myrtaceae) ol &st= otdthd A
Propionibacterium acnes, 1% 27312 Pseu- EoltHl6]. 8 ARoZE= A0 A HEA
domonas aeruginosa, Escherichia coli, 1% < 3}9HE<Ql  anthocyanin, myricetin, apigenin,
ARl Staphylococcus aureus, AR Candida ellagic acidsd 7I2EkolE, HEMR] C7t o=
albicans 5°) SQith. °l& F Staphylococcus SEel 9lom(17, 18], Yo A9+ alkaloid,
aureus= FAEAo] NErE]7] Aol izt <) tannin, flavonoid, sesquiterpene, triterpenoid,
o F54 F5S dodl= Aol A F8 coumarin 5°| o FFEl 75 AEH
QeldtolAt6l. E3|, Propionibacterium acnes 28 7HA7 e =2 dA AE AAfold19]
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a8y 7154 SR aEN Foht o £
Eofl tigh ROS A4 oAl B miof] d5S
dobs o Aol Faane] o A+
nl &gk Agolct.

getA 2 dAFeAe ot 4 FEE
ABTS radical 27848 £35t 348t &4
QI8tal, RAW 264.7 tAAIE] gt AlE =4,
AE g ROS A4 oA azt, oy Aol &
#Z HaAS F=MIC) 52 &
slgon, ol o QAo Rajst vt
A 7154 SHE AR B HsES A
Estazt shgleh
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ol
ok
!
N

N
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oo

2.1, Hxz

211 Ag 9 &

2 Ao AR Hohp 92 oFxrIIoA
SUstez st "A(FM-909W, &,
Korea)E ©]-&5te] ZotE v, 70% ethanolel
1:10 (w/w)2 2 397t 37C incubatorol Al F&
steth. FE2E9 HAHES YAHE(3000 rpm,
5 minE 7Rl & AERE o7 (Whatman
filterpaper No.2)°| filtering& sttt o&h-E-S
AAsH] el #HLs=7I(N-1110S, EYELA,
Japan)E o]-gste] =3 Sof TAHAX(DCI316,
A4, Korea)E AHAISHY Ax AlmE AZsHA

o},

2.1.2. AHgASF

2 Age  AME AR trolox, PBS
(phosphate buffered saline), TBHP (tert—butyl
hydroperoxide), DCF-DA (2,7-dichlorofluorescein

diacetate), sodium carbonate, ABTS (2,2'-azino—

bis(3—ethylbenzothiazoline-6-sulphonic  acid)),
NR (neutral red) solution, formaldehyde, acetic
acidEe Sigma chemical (USA)ZHE U5t
ATt 1 9le] J|epAloke EFAIORE g

ssict.

2.1.3. Al =F 3 AZujef

2 Aol AFSEF MEE DA ZESQ] RAW
2647 AAEE AFgakgon, BRAEZEL
(Korean Cell Line Bank, Korea)ollA] EoFs}to]
AHgstt. MEZuF2 10% fetal bovine serum
(FBS; Sigma-—Aldrich, USA)¥ 1% penicillin
(100 IU/mL, GE Healthcare life sciences,
USA), 1% streptomycin (50 ug/mL, GE
Healthcare life sciences)& High glucose
Dulbecco’s modified Fagle’s medium (DMEM;
Sigma—Aldrich, USA) #jzlo] Zd7kste] 37T,
5%9°] CO, IsfHolE oA wjekstalon, Al
I F7= 3~4 4= A Al sk

2.14. #5 2 W

2 Addo] AR’ wot HiAl= o 9] Table
1ol YerdTh. Staphylococcus aureus ATCC
6538P= b|=r w|AE REXEA, Escherichia
coli KCTC 1682 Candida albicans KCTC 7270
9 Propionibacterium acnes KCTC 33202 =
Argger AFd A A AEoA REgtor
AMg-sH3ATt.

2.2, fYH

574
2 Age TEAC assayE ©]-835te] ABTS
radical 278442 5 ket B4 4 H
Sto] Re er al[20]9] W& ®dsto] S4sHA

tt. TEAC assay= DPPH assay#d ET

Table 1. Culture Conditions of the Strain Used in the Experiment

Strain Strain NO Medium Incubating condition
S. aureus ATCC 6538P Nutrient broth 37C

E. coli KCTC 1682 Nutrient broth 37C
C. albicans KCTC 7270 Potato dextrose broth 37C

P. acnes KCTC 3320 Brain heart infusion broth 37°C CO; incubator
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(electron transfer)”7]¥re] HAAHMHoltk  ABRTS
radical2 FASIEE A2 A4 24A%F bt
S5t 2.45 mM potassium persulfate]] -8-3lA]
71 7.4 mM ABTS €& Axstrt. o]¢ gt
E01x ABTS §d& FRTE olgsto] 734
nmollAl EF= 0.70 + 0.02& 3|AAA ABTS
working solutions A x5ttt ABTS Working
solution 180 x#Lo} Alm 20 uLE Egste] &
AoA 20 min ¢ FRFAIZI F microplate
readerg ©]-&5to] 734 nmelld §FEE ZAst
o] ABTS radical 2788 =459}t TEE4
2 troloxE o835t

ABTS radical scavenging activity(%) =
100 - {(H7Hte] SBE/FH7HY] §385E) X
100}

2.2.2. Neutral Red assayg &
=3

JopF o FEE AE EA4L elstazt
neutral red (NR) assayg& ©]-85to] 45t
96 well plateo]]l well B 3 x 10* cells/well]
T2 RAW 264.7 AAEZE E55t0], 24 h
et 37C, 5% CO7F Fa=e Hig7]olAl =
Fotrt. 24 h & Fopp o FEEL 10, 20,
50, 100 pg/mLe] FE= 3]Aste] =gt
48 h F<F vieFstich HiFH Az wjeFAS
NR solution®] 1% Z3tdH F IAuz|= w2t
Stod, 3 h i & du|FstolA NRe ZA3}
FR7E HASIArt. phosphate buffered saline
(PBS)°ll 10% formaldehyde 8-S Hr}ste] zt
wellefl 100 x LA 255t 20 min 3¢ 1244
£ Q=2 A2t &, NR desorb solution (50%
distilled water, 49% ethanol, 1% glacial acetic
acid)2 Zt wellof] 100 yL2 EFslo] ME
o] NRES F&314rt. microplate readers ©o]&
st 540 nmolA SHEE S, & A3
o] N AEEL th29 Aof upat AH=EsSHT

o
=

1z =4

o ot

ME BEE (%) =
Al247HE2] O.D. at 540 nm
Az 24 7HEe] O.D. at 540 nm

X 100
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2.2.3. DCF-DA assayg &% Al W ROS
23

DCF-DA (2,7-dichlorofluorescein diacetate)
UHE olgste] A& W ROS A A2
Fruslanov er al[21]9] WS HIPste] =A5}H
Aot RAW 264.7 HiAAHEE 0|83l 3 X
10* cells/well2 96 well black plateo] 3 3t
T 24 h vkttt 24 h & ROSAHAE <lsl
tert—butyl hydroperoxide’t $-f¥ ®iXZ wgt
T Fopt 9 FEES FEER sAsto 37T
o] CO, Hi¥71elA 24 h B wjgEtAch
DCF-DA 10 zM #7}ske] 30 min o5& &
oA wloF gt & Fluorescence plate readerE ©|
45} 485 nm / 530 nm (excitation / emission)
o4 ROS A& S7stait.

ROS AT %) =
(H7He] /747t 34 x 100

224, Foht o FE29 Fay 24

Tolt o FEE9 g AL S5 4
Sl paper disc assay[22]E W sto] ZA5IAT)
147 BiFAIR =50
Aujz] foll 1 mLA =geh &, Fopt o =&
B2 sEE=2 §Mote] @2 paper discE 1

5

w
Jo
ritt,
12
=
N,
i
I_;]

el Zulwar 197t F71 wigstelth. #i
disc 9ol 449 clear zoned] 27 (mm)<
Aot S v|WsHYT}. oo Frotut ¢l
FEES 5= 0.05 0.1, 0.25, 0.5 g/mLo]
TE 6 mm paper discoll 50 xLA F4 A3
control2 FE&ES FFAIZIA &2 paper disc
£ 295t

2242 Az A 5= A

A Ael F=MIC, minimum inhibitiry
concentration)®] =% broth micro dilution
method[23]E ®3st] SHstArt. 193 vl
H A HfFAES 650 nmolA SHE 0.30=2
5l45te] 96 well plated]] ZYzbe] A|Ed vk
< 100 pxLA EFstal, fopt o FEEES
0.25, 0.5, 1, 2.5, 5 mg/mLe] =& 100 gL
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A AEgt & 1932 F7F afstgict. St 9
FE=0] At FAel A= FFE microplate
reader (Synergy HT; BioTek Instruments, USA)
£ &3l 650 nmolA FFEE SAot] EAot
Atk MICO A2 dEdd v ¥ 217
9] control¥} v Wdle] wdstyTt

. 54 'JEHE SPSS Window Verswn 17.0
(SPSS Inc., Illinois, USA)S o]g3dlo] EX5}%

3, 394 HAEFL Student t-testz® AA|SFICT
Ad At pgho] 0.05 v of SAZHOE H
O3t Zpol7} Q= A= wAYste] &7|5HT

o=

3. #m 2 o
3.1. ABTS radical 2A7{&M8d&8 Es¢t
M =X

Jropp 9l F&E°] ABTS radical &A 2H4
= 5% st S Fig. 19 Yerfeish A
A A3, Fopt o FEEE 0.1, 0.25, 0.5,
mg/mL FEZ A5t o ABTS radical
AL 47 64.2%, 76.3%, 92.1%, 94.8%=
ol1E| At E?F troloxE positive controlZ O]
sto] o o FEEI AR DAL Hwet
A= 1 mg/mL XA trolox:= 97.7%, T
opl 9 FEEF2 94.8%° ABTS racical A7
Aol YeY trolox?t -8AFSH radical A7 &
4L 2]lstksT

APAtelrs Fohl A ofEE FEEC
DPPH radical &7 €42 SOD A 240]
2 TLoAE Fet 248 vEld=T, o=
ofp Qe EgfHLolE(flavonoidhet B
(tannim A9 =& SFFEEC] oHF FREO
Aol F4tet EAdo] vt ZAoer Hiskloh
[19]. E 479 TEAC assays ©|-8§ ABTS
racical &7 242 DPPH assay radical 47
G- E ET (electron transfer)7]¥Fe] A=

ot

o

2hst

o 14 B

—LINLL

T

O Trolox W Psidium guajava leef

100 - .

ABTS radical scavenging activity (%)
E

o

01 0.25 05 1 01 0.25 05 1
Concentration (mg/mL)

Fig. 1. ABTS Radical Scavenging Activity of
Psidium  guajava leaf extract. Three
independent trials of experiment were
performed, and the results were stated in
mean * standard deviation.

3.2, Neutral red assayE Sst MEZ SN =H
Tolt o FEEO Alx EA44S EQlsh] ¢
Sto] RAW 264.7 thAAaEe] 10, 25, 50, 100
pg/mLe] sEE AHZsto] Az 54 =jlst
ow Fig. 20| veRgith. A3 A3, RAW
2647 AN O] Fofrt ¢ FEES ATt B
= koA AE ZA4do] vehA gta, F
g2l control AJE& 100%<} H]_u_o}lﬂ b iy
9] 10, 25, 50, 100 gg/mLe] FZAA BEE
o] 98.12%, 98.05%, 96.87, 95.94%= 2] /\ﬂE
wrh olgl 2L ATE Ssto] o
o 9 sl AT S Yehd g Ao
elElglor, 3 I F& 100 pxg/mLe
B e

120 4
100

80 q

60 -

40

20

1]

10 25 50 100

Control

]

Z O O
HEES

Relative cell viability (%)

Conceniration (pg/mL)

Fig. 2. Cytotoxicity in RAW 264.7 cells. The
cytotoxicity of Psidium guajava leaf
extract was measured in RAW 264.7
cells. The results are presented as the
mean *+ S.D. of three independent
experiments.
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3.3. DCF-DA assayS 8 M= L§ ROS =3

Topl o FEE9 AZ W ROS A4 Bt
ZAste] AA}E Fig. 3o YERfSIc. RAW
264,77 thAAEA ROS AL 10, 25, 50,
100 pg/mLe] FHEZAA 22+ 120.5%, 110.8%,
100.4%, 89.7%% et} sk olEHo= A
stk 53] 50 pg/mL sEoAFEH ROSE
Aol FolmletA A = ATHpoD).

Ao W= A F wedto] AT A
3 g2 Aekd AEF A Sg4tAast TSt
o, 55| mf Alzo] fd2 Hygo] Fagt e
A 942t duA IoH24, 6]. Satyamoorthy
et al[25]9] dFAE= ROS BEHF 7 5
5t mitogen activated protein kinase pathway
(MAPK  pathway)E 2733 Al7]W, Huang er
al[26]9] dFANAE MAPKZ} E4Jst =W A2
o] @43 #3E F7HIZIA Hed, |5l 9
S ¢ Aol wofstr| Strhal HAlsHRITt
mepA otk 9 FEEo] ni 45 Hes &
Ust= ROSE dAlgtezA] koo 59 a4
F 22N THsdS HojEh

-
o
=

-
B
S

+

(% of control)
[P

- o (-] (=3 ~

s & &8 & o

Relative oxygen spedes production
r
S

o

Control TBHP 10 25 50 100

TBHP(+)

Concentration (ug/mL)

Fig. 3. The Reactive Oxidant Species (ROS)
Generation—inhibiting Effects of Psidium
guajava leaf extract in RAW 264.7
Macrophages cells. Three independent
trials of experiment were performed,
and the results were stated in mean +
standard deviation (*p<.05, **p<.01).
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M
1

HI

3.4, FOHHt o FEE9|

o

22

3.4.1. Staphylococcus aureus Tl TS F
24

o] dF5E fIcte TIF AAF S
aureus g Fopt o FEES] P B &
Q15t7] €3l paper disc assay[22]5 W5}
At A, S aureusell iRt Fotut o FEE9
FF BAL 005, 0.1, 0.25, 0.5 g/mL9] w0
A ZFZYO] clear zone Z173¢] 9, 10, 11, 13 mm
2 YepsthFg. 4).

S aureuse= FMIELAILAOR  FAEZ
7] dells 17 o s IS
LS9 FRUY FOoE Aol Foirt.
4 F=9 mf Fox st loew([27]

I
>,
|, 10 ol 1o O,

AA )
2t o2 MRl ARz AHS doA &
Z(pyoerma)o] glo] = IF4qE, Aujurdd,
fdSH #4455 Y= Agcte 5 A4
ZAE5S e & 28, 29]. weba Fropt
A | &l =2 24

o

o o

3.4.2. Escherichia coli ¥l Wt I+ A

mie] dFS Fdcts IF A E coli
of tigk ol Q FEE9| Yo EHE <l
7] 93l paper disc assay[22]5 H
A1, E colell gt Ftopdt ¢l FEE9 T
F4L 0.05, 0.1, 0.25, 0.5 g/mL2] FxolA Z
7+9] clear zone &7°] 9, 9, 10, 12 mm= Y
EpstTh(Fig. 4).

E. colf= gram negative®] SAE7A 7S
2 230 EoE Foll Aks APR27].

sloret 4¢ &2 o
el s e i [ = = K
Aol Bulo] ZAjsts FFolBa AlZHAd
ot 0dS SHst= AFIF HACH30]L weEbA
Toht ol FEEo] £ colPll Wl AT
Heong sPgEe] WAL Adfste AR
AeH PEE 2Rz 28 7hsdS BojEh
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3.4.3. Candida albicans wol tiet I+ A

oo dFE Fdste fF AALEd C
albicans®l ofgF Fopat 9 FEE9 FAEHS
15171 el paper disc assay[22]E 5}t
22Xt Ax}y, C albicansol Tt Foht o F&
=9 I AL 05 g/mle BoAHE
clear zone &7°] 10 mmzZ Yeh}r] AZ2HIcH
(Fig. 4).

C. albicanse 8R9} FFo|2 AF £ Qe
olufx] Fgolxz 7 e HE fEstAY A
2710 AR, ESE C albicans= 7V
w2 g opy] A7l AR duFien, |
o] I3A AstEo] S w FAHETH32]
ghx] Jrohl o F&Eo| C albicansel sl =
2 FHFEE BHelenz IPYE A Qo
A FRAFA RN &8 7Hsde Hojsrh

3.4.4. Propionibacterium acnes w°l W%t
Pt 4
oo HFE ok

1
acnesoll iRt Fobt o FEEO It A

Z25}7] paper disc assay[22]5 WHIHsld =A
g Az}, popt o FEES] o FA2 0.05,
q

zone 2170l 10, 11, 13, 14 mm= YEGTH
(Fig. 4).

P acnese= @719 AEE HOoE lipases
HHlste]  mz]o] FAHER triglicerideE  free
fatty acid= Zofisto] Rg 2 2 99| A
xof| AFE HoItH33]. Ed], HAEEIL &
AaliA= A71Q0 AREZlel Bol FAlsta Ry
It =S H (acroinfundibulum)oll EA5HH A4t
4 oEgel FFE PATH34] wEbA FopHt

Z50] =SS o P acnesoll dial

3.5. FA XNsl m=E=(MIC)

ot Ql 2EEO otE T FFo figh
4 As FE=MIC)E Table 20 YRS
7t o] digk MICE diAE 025 - 1
mg/mLe] FF02 UePFOH, P acnes = S

Staphylococcus
aureus

Escherichia coli

Candida albicans

Propionibacterium acnes

Fig. 4. Antimicrobial activity of the extract of Psidium guajava leaf on Staphylococcus aureus.
(A) : control, (B) : 0.5 g/mL, (C) : 0.25 g/mL, (D) : 0.1 g/mL, (E) : 0.05 g/mL

Table 2. Psidium guajava leaf of extract minimum inhibitory concectration (MIC)

) Growth of various concentration (mg/mlL) MIC
Strains
0 0.25 0.5 1 2.5 5 (mg/mL)
S. aureus +1 +2 =3 - - - 0.25 - 0.5
E. col + + + - - - 05 -1
C. albicans + + + - - - 0.5
P. acnes + + - - - - 0.25 - 0.5

YGrowth, ?Uncertain growth, *No growth.
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aureus < E. coli < C. albican <22 Fotv} ¢l
FE29 MIC7T 2 Frg Z34EU

Mahfuzul er al[35]°] w2 Foput o &
52 gram negative bacteria® Tt gram positive
bacteria®ll © =2 IS HQITHL 5t%oH,
Arima & Danno[36]:2 o|¢} Zo] =S e}
e dle 471219 S8t eol= Skeha(morin-
3-O-a-L-lyxopyra noside, morin-3-O-«a
—L-arabopyranoside, guaijavarin, quercetin)©]
Uk HAsHTh mhebA oleh g Ayt e
gram positive bacteria?l S. aureus®t P. acnes°l
AES gitFoez Ao, gram negative
bacteria®l E. colPl= gram positive bacteria®]
et Fedd TE 22 FkolA At %}”%
Hol|z] kAT 75| ¥ FEolAE &
o8 e Aokl o= Foht <l —Zr%%
9] ZgtHol= AJEO] gram positive bacteria
|t =2 LS 7T Qo] R
Aol AR RS AT 5 U

J;o
X

=2

4.

Y
T

= ofMe Foht & FEEZ 0% ol
2 F&35lo] ABTS radical &7 @4& =35
Tl 2o &lslal, RAW 264.7 th4] AHlx
Ao A EAT DCF-DA assay2 E3F A
W ROS A A &3}, Paper disc assay=
t oo gAY e S7gste] Jopr ¢
=0] IEE AA=EHY & TS HE
Farzt sheir.

2 AE 2, Foht o FEEY 943t
ABTS radical AA%2 &QIsIHoH, troloxE

A
=
T

ool
=0

of

vy

e o

L L ot

o
d

positive control2 H| WSS W= troloxet F
ARRE radical &7 /e =Istqit. thAlAaE

ol RAW 264.7 MZEofA9] zq]i NEQS Es}
Al F4S 2t 2% 2329 $&7F 371
s Ax FAY g gRlEglon Alx
=70l yetuA] efstrh. Fotrt o FEE9 Al
Z Y ROSE AIsH= }iﬁr—% 4% Ax
RAW 264.7 M|ZF0]4 ROS B2 5= 9
THog gasion, 59 50 rg/mL FIxo
A5H ROSE] Aol frofulstAl A= et
(p<.01). E3F Foput Qo FEE9 FdaNE 7
0.05, 0.1, 0.25, 0.5 g/mL ko] uta} s}eldt
At S aureus 0] P AL HL Zfzte
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clear zone Z17°] 9, 10, 11, 13 mm= e
ow, E coli #9 Tt B2 = Zt7e]
clear zone 2170l 9, 9, 10, 12 mm=Z elTh
a2, C albicans w9 &+ &4 0.5 g/mL
9] ol AEE clear zone A7A°] 10 mm=z Y
El7] AZRATE. Poacnes o] ddt FAHL
T ZF249) clear zone 7”740] 10, 11, 13, 14
mmZ YetHth ot o FEE9] mi A
ol gt A& A FEMIC)= dAZ 0.25
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