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= B
E A= Annona muricata ) 3% & (graviola leaf extracts, GLE)] &:}3}(antioxidant), & +f(antibacterial), ©]
(whltemng) 1 5 /)4 (anti-wrinkle) & J/} 52 ZAFEFY 0, &Ak3)(antioxidant) E 3ol th3t B AAlF T B
A& sl 53 }Oi‘jr. I A3 GLEE & g&EF L= AAyolsol S71ske A E Uekstth GLES] 34 8442
paper discH] 0.2 F43}o] YERNOH, ﬁ_—zr%@?_ ampicillin¥} H] w3}o] WE]AAUWA] S S = AFA CCARM3115
oA HlwA =& Tt TS YERNSITE GLE®] tldh v @ (whitening) & & A] tyrosinase A3 B S-S T3l
Haystglom, 1 AY GLEx: F%7F S71eell wel tyrosinase B 0] 74 A o2 UElSY GLE %ol w
L-tyrosines DOPARE W} H] #ojsh= hydroxylatlon WE-S-2} ¥ 8k mushroom tyrosinase®] #3 442 TFEZHQ
arbutinoﬂ H]3) 125~250 pgmL F5 WA 53] HA et B16-F10 cellel] t$t melanin A3 #1 oﬁ%% =
oJEA o7 FAdE AEFS HloH, 100 pgmLolA 76.7%%5 UEFSTE 75 A 7 AASFI A = elastase A3l &

_11)44

A ZHS Fa Aastd o, 7 A7 T3 FEoA GLE % ursolic acid:= 10.5, 56.5%%2 el o]23t A=
53| Annona muricata % 5% (Graviola Leaf Extracts, GLE)®| &4ts} @ vl o) Aet a77} 1SS Ed
T AReH, v g Ao RA HALHA ARl F&F Aow Jgdrt

Abstract
In this study, graviola leaf extracts (GLE) was investigated for the effect of antioxidant, antibacterial, whitening, anti-wrinkle.

The antioxidant effect of GLE was measured by an electron donating ability assay. As a result, GLE increased the electron
donating ability in a concentration-dependent manner. The antibacterial effect of GLE was found to show the higher anti-
bacterial effect in Methicillin-resistant Staphylococcus aureus CCARM3115 compared with that of ampicillin by a paper disc
method. The whitening effect of GLE was also measured by tyrosinase inhibition assay, and it was found that the tyrosinase
activity of GLE decreased as the concentration increased. The inhibition activity of tyrosinase involved in hydroxylation re-
action which is related to converting L-tyrosine to (DOPA) was higher than that of arbutin’s at the concentration ranging
from 125 to 250 pg/mL. In addition, GLE reduced melanin contents of B16-F10 melanoma cells in a dose-dependant manner
and decreased to about 76.7% at a concentration of 100 pg/mL Regarding wrinkling formation of GLE, an elastase inhibition
assay was performed. As a result, GLE and ursolic acid were 10.5% and 56.5%, respectively under the identical concentration.
These results suggest that GLE has significant antioxidant and whitening activities, and also may be potentially used as a
therapeutic agent for hyperpigmentation treatment as an ingredient of whitening cosmetics.
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Graviola (4nnona muricata) 2
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=golo]E & 26F0] vk eyt o]t 7IE YA sHE A
o] g 9§ A=E sk A% A 3 A 9 kAl
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AT AR AFS Agshes AnREY] Q7ol F-g-38te] 119 7]
=& FQoE ke A AR oR At Aewirdstar glem, o]l ut
g A= AENEe] Q% FoA|aL Qith

Annona muricatat= EXUFI & BEHAS H|E3)E ojnlE
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5~6 m YL A2 AFFoth o5 ATHoE A E Wol 7Y
& gl ol ARESlnh 8 & W EAY E4 ol F 9 BAE
7712 kst o] d s A sk WYY)s ARz WY AA
7482 el AFEsITE S35 dnnona muricata 232 9, AA A, 3
BRA 2elal AYYAZ ARESITH3-5]. A3 Atell W= oy
7YA] in vitro model 23X Annona muricatal] SAYSFA|Z A 2] FA)
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2-8-& sk Q& B3 Graviola ARle]
Uebkelgs). el o @ 9 v
NZA Annona muricata®| N3 AT K=

wehA] 2 AFNM= Annona muricata ) FEE(Graviola Leaf
Extracts, GLE)S o] §t0] 3145 AAlzAe] 7Fs4e 2abstiat
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2.1. M2 F&E= M
2 Aol A 12M)&2Ndnnona muricata, Philippines)= 2
AN F5k] ARRSIATE. Annona muricata 2 A FEE 100 g¥
“Jeg3to] 77} ethanol FEE-2 108 £52] ethanolS 71314 34 &
ok AAEHY, A5 FEE2 108 £ SRTE I & 12019t
=z < AL D27 ES S 2 Alse)
T2 T3 T autoclave (WAC 60, Wise Clave, Korea)S ©]&
CollAl 4 h 53k 23] ¥HE FE31QIth 2421e] F592 o

F2ge Fust % oyl 53} 199

| Annona muricata leaf (100 g) |

Add ethanol, immersion
(reom temperature, 3 days)

Add DW, autoclaving
(121°C, 4 h, 2 times)

|Inso|ub\eextracts| | soluble extracts |

Centrifugation(3,000 rpm,
20 min), evaporation
Iyophilization

1

Graviola Leaf Extracts (GLE) |

Figure 1. Summarization of Graviola Leaf Extracts (GLE)
manufacturing procedure from the Annona muricata leaf.

¥}%|(Whatman No.2, Whatman Ltd., Dent, UK)% ©J3}-3F
71(EYELA, Tokyo, Japan)® 553t} 2t 5%
TSI & E3teto] Ajdel ARESIgich 3 A
sto] 7t A WA ARSIl om, Algol tist "8 dnnona mur-
icata ¥ %5 (Graviola Leaf Extracts, GLE)Z 843} th(Figure 1).

2.2. DPPH radical &HS

Free radical scavenging activitys 733171 $18F0] 2,2-diphenyl-
2-picrylhydrazyl (DPPH) "= AME-315Itk. DPPH 8 mg= ethanol
100 mLOl| 91 0.2 mM DPPH &5 FH]skal FE e ZAIG A
5489 50 uLel DPPH stock &-4E 500 uL 2] total volume©] 1
mL7} %5 ethanol& F7Fsto] 4204 30 min 3F RESAIZ]
96 well plate] @©] ELISA Multiscan Reader (Thermo scientific,
Finland)E ©]-§3t1 517 nmolX FHEE S5 2FAs=2E
L-Ascorbic acid (Sigma chemical Co., Louis, MO, USA)E AME-5}5 0.
W A5 HFEEE | mgml7t HES Ak 24 Al5e] 3
sl B AR 7S R R 3R AfolE WiEE(%)

= vepigieka (1),

Radical Scavenging Activity (RSA, %) =

Absorbance of control — Absorbance of sample

X
Absorbance of control 100 @

2.3. SOD [AEY &3

GLE?®] superoxide dismutase (SOD) AFHd 5792 Marklund &
Marklund (1975)% -§8% SOD assay kit (Dojindo Molecular
Technologies, Inc., USA)E ©]8-3}°] superoxide anion radical (0,)2]
27 AAES ST A% AR M AR 20 pLet
WST working solution 200 pLE F7}5t ¥, enzyme working solution
S 20 pL 37F8kd 37 T, 20 min B 3 450 nmolld] EFEE =4
gt kite] Aol wek sob 24S SAEHITh2] ().

SOD-like activity (%) =

Absorbance of control — Absorbance of sample

Absorbance of control 100 @
24. 5 HiE 8 % 5 SetE00IS B &Y
% v=e] %L Folin-Ciocalteu "WH[8]= U HPste] SH3t

At} AlE(10 mg/mL) 100 pLell 2% Na,CO; &8 2 mLE H7}F &
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3 min 3F A& FXgk U, 50% Folin-Ciocalteu reagent (Sigma
Co., St. Louis, MO, USA) 100 uLE 37}3}°] 30 min HF&-AJFE ©]

T 750 nmollA] FEEE ST F v IS gallic acid
(Sigma Co., St. Louis, MO, USA)E o]&3lo] HFarAS 245kl

T1of] tjst Jgow dtslglt

% Behicol S Davis PHOIE AT AHste] ZHek
o} AlE(10 mg/mL) 100 uLe] diethylene glycol €< 1 mLE 7}
%, 1 N NaOH 100 pL-& 37}t 37 C, 1 h §E&AIL £, 420 nmol]
A FEEE S5t ¥ kR o= 3 naringin (Sigma
Co., St. Louis, MO, USA)& 3EFAIOFO = HukiS 2Hd3stal 19
gk geko 7 3Rakslgich

[Cm RS =T |

25, g2 5F

GLE®] 3192 disc BPHH[1010.2 SA3ISITE S0 ARE-gh
5= ¥ Zt}h Gram-positive bacteria®= Bacillus subtilis
PMI125& A U] #FF = Methicillin Resistance Staphylococcus
aureus (MRSA) CCARM3561, CCARM3115, CCARM3089 #5352 &
AA WA 75 23 (Culture Collection of Antimicrobial Resistant
Microbes, CCARM)®l|A] FoFtol AM2-3FSITt. 242l Bacillus sub-
tilis PM125, MRSA CCARM3089, MRSA CCARM3115 1¥]ar
MRSA CCARM3561< 37 C, Tryptic soy broth, TSB (Merck & Co.
Inc., Darmstadt, Germany) W}*| 4] mid-logarithmic phase (OD.s7 =
0.1, 5 x 10" CFU/mL)7HA| wjeFatoict. Hatsdl TSA wlix|el| 7}2}e)
Bacillus subtilis PM125, MRSA CCARM3089, MRSA CCARMS3115
123l MRSA CCARM3561 B9} 100 pnLE =2t 5, paper disc
(7 8 mm)E plateo]] F31 500 pg/disc®] F=Z discoll 50 uL¥ &
FA1713L 37 C incubatorelA] 18 h BIFAIZICE BlF 3 disc Tl
AAE clear zonel] 7|2 XS =45k

i

2.6. Tyrosinase Xfoff M &N

Tyrosine®| that in vitro tyrosinase #13l] A& tha3} o] 574
SFITH11]. 0.1 M potassium phosphate buffer (pH 6.5) 220 pL, A=
20 uL, mushroom tyrosinase (1500~2000 U/mL)%} 20 uLE A=
Y=t o] gdof 1.5 mM L-tyrosine 40 pLE &35t 37 TCeollA
15 min RESAIZ] £ 490 nmollX 3= S43FSIT) Tyrosinase Al
3 AP AlEgd] M7l FH7Y] FEE AAEE UER
AtH2A (3). A& 372 A& tiAl 0.1 M potassium phosphate
buffer (pH 6.5)% ¥ o™, A thFTC 2= arbutin (Sigma Co.,
St. Louis, MO, USA)& AF&-3ISITH

=
a

Tyrosinase inhibition ratio (%) =
| ARanrel gRE
O wprreagg= )

x 100 3)

DOPAO®I ™3t in vitro tyrosinase #3l A& ok} o] =43}
$TH12,13]. 0.1 M potassium phosphate buffer (pH 7.0) 850 uL, A&
50 pL, mushroom tyrosinase (1500~2000 U/mL) 50 pLE AtiZ
931 37 CellAl 6 min ¥Hg-A1ZIL) o] §-9e] 0.06 mM L-DOPA 50
uL W& v 37 CollAl 1 min ¥EEAIZ) ¥ 475 nmeollA $4EE

Z7J3I3At). Tyrosinase inhibition ratiotx= 2] (3)°.Z%E] AL SIc)

3sist ® 28 H A 2 =, 2017

A3 -

oAt
2.7. MIZHHQF
B16-F10 mouse melanoma cell> &= A|3EF 23]oj|A] FEokilo}

AME-5191.091, 100 units/mL penicillin-streptomycin®} 10% FBS”} ¢
% DMEM (Gibco, USA) v#]o|A] 37 C, 5% CO, incubator® Hl
ko] Adel AT

2.8. HIZ 54 =H(CCK-8 assay)

GLE?Q] F%o W B16-F10 mouse melanoma cell?] =& =
371 $13N cell viability assayE AAISFATE 100 pL (5,000 cells/
well)9] A3 F-F-88- 96 well plate®l] &5 %, CO, incubator oA
24 h &<t A ¥lK(pre-incubation)S o & FEHZ 3|ASH AR 10
pLE AEs & 12 h Bk widksteh Wik = 7} wellell 10 uLe
CCK-8 &M(Enzo Life Sciences, New York, USA)= 376tk 2 h
52k CO; incubator QoA HH-& AlZ1 F Microplate Readers A&
3te] 450 nm IgollA FHEE AT

2.9. M= LHC| melanin A Kol

B16-F10 melanoma cell2 ©]-&3F Alapd WA Aa) av= =4
317] 918ke] 6 well plated] AIZEES 1 x 10° cells/well 2 F-5-5}0] 24
h ot wjokst & GLES s A3t 1 h §of 200 nM9] «
-MSHE 7} Ao H2lsto] 48 h E¢F wlFalich wiokel AEi
PBSZ A3t F 10% DMSO7} &% 1 N NaOH (Sigma, St. Louis,
USA) &5 Agsto] 60 C F&FxolA | h &<t WA &
multi-plate reader (BIOTEK, Vermont, USA)E ©]-&38}] 490 nmollA

FYuT S50,

2.10. Elastase A5l &M =3
Elastase inhibition assayi= Park 5{14]°] W& A5 WEFslo] o
<3 o] ZA3I3ittE 712 50 mM N-succinyl-(Ala)3-p-nitroanilide
200 pLoll &5 20 uLe} 2.5 unit elastase 20 uLE A7}5to] 25 C
oM 15 min < HESAIZL F 410 nmellA FHEE SASCH

Elastase inhibition ratiot= o}g]2] 2] ©ZRE] A ATHA (4)).

Elastase inhibition ratio(%) =
AR AT EE
- e ggs ) 10 @
2.11. A &AM
B BE Age3
2 mean + SD.Z A5

o, p ko] 0.05 vvHd W EA)

stom, SAARS B
9)/d2 Student’s t-test® 3}
ool Arkar Asksict

3.1. DPPH radical 2HS

ol AbAS} 22 AR = AE e AR 38 S 9
3 B =23 At Ado] sltk olef st A7y 33
Az B85 AFS doms 170 wglE ExIsh=t) o]
2ok T4 w=gho] Rl AR s k= Ao] ksl
A 8] stolnt FEg, I AL T2 ARIRI Al Mde) gs)
s AT SR S Sxleh AU S| s«
A ol5 BAHAAE 2731 Flo] 2 A Ael a4
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Table 1. Superoxide Dismutase (SOD) Like Activity of Graviola Leaf Extracts (GLE)

conc. (pg/mL) 8 40 200 500 1000

Graviola Leaf Extracts (GLE) 11.14 + 1.11 30.11 = 0.86 38.49 + 1.49 4248 £ 0.21 67.47 £ 0.10

* Each value is expressed a means + SD. of triplicate determinations.

100 r Graviola Table 2. Concentration of Total Poly Phenol and Total Flavonoid in
—_— raviol
= Graviola Leaf Extracts (GLE)
o B0 - MAscorbic acid
[=)
E 60 | Total poly phenol Total flavonoid
E (mg/g) (mg/g)
E 40 :
€ Graviola Leaf Extracts 17 + 04 254 + 13
5 (GLE)
I

| l *mg/g, base on dry weight. Each value is expressed a means £ SD. of triplicate
o determinations.

7.8125 15.625 31.25 62.5 00 1000

Concentration (pg/ml)

Figure 2. DPPH radical scavenging effect of Graviola Leaf Extracts Table 3. Comparison of Inhibition Zone of Ampicillin and Graviola
(GLE). Results are expressed as mean % SD. of data obtained from Leaf Extracts (GLE) Against Bacillus subtilis PM125, MRSA
three independent experiments (p < 0.05) CCARM3089, MRSA CCARM3115 and MRSA CCARM3561

Ampicillin Graviola Leaf Extracts (GLE)

olgh= AR 317} QIth15,16]. GLES] AAE S 24517 93 Bacillus subtilis PM125 37 20
DPPH )2 &7 &4 545 7813tk GLES] #uZ AAF MRSA CCARM3089 18 -
FE oERoR FUkeIGon, 47te] w5 7.8, 15.6, 31.3, 62.5, T Ty, 36 30
125, 250, 500, 1000 pg/mLolA] 7.73, 12.78, 15.82, 20.3, 27.25, 33.7, MRSA CCARM3561 10 iy
55.33%9] @z 2A5-S YEReH, tiZ2] Ascorbic acid®]
[e) - L }o : b Ko}
1000 Lug/mg{ 87.19“’31‘%}]‘: %;Mf& Ascorbic acid®] 5.56, 12.15% 15 & Eojfs 9 £ SauL0|C BT A
Rul= 22 3455 YeERSIth(Figure 2). i -
HEE A RALNE AL 25D A3} AAE A1 0

Gupta S IUE "?i:rLOﬂ = Superoxide dismutase (SOD)= 3| ;‘_od ;&“o}i;] ;Jﬂh‘— }:B o) of ] h:]- ;3“ Tabl 220—1‘]}\194-
Hlelld superoxide radical & AR AN O RN GALT Y ;_Lo]—‘ EL;"ﬂ QE&. _-L_; Jﬂ; sreko 7% /\][ L fl id9]
& 247 AANA BN E YAE Boshs 28-S vehl o : A . 8% gaj act
L gAola o]Hdt §49 ZgoF ol A]-i]_}:]o]—;(]‘—— 22 1351994 SHIHGAE) .2 ERE W] 117 £ 0.4 mg GAE/g= YEITE o=
Sh DA WAV} Sleka 1A gk sl e GLES] sop ¢ Kim SN UHE 8 Sl ERE 60 306 me GAPE:
A 298 A3, 2t 28] RE wEAM soD Ay U :"—ESP owf ]Lﬂ I, Solel, Ak, 2] Aes Taas
o] g1glom Fio] ulEate] A e Table 1). § pg/mLe] Z2)9)E dFabo] 7}7) 83.8 + 2.6 mg GAF/g, 12.1 + 0.8 mg GAFE/g,

37.9 + 1.0 mg GAFE/g, 19.2 + 3.5 mg GAE/g¢ A3} vlwste] A=

FEoA 11.14%, 40 pg/mLelAl 30.11%, 200 pg/mLelA] 38.49%, B
L4v @7= 9790 GLE®] #i54 24 §go] =2 Zlom SA%v.

500 pg/mLellA] 42.48%, :LE]J_ 1000 pg/mLelA 67.47%2) =02

U ol % sl g 9 Qs Edel ol AT Lim TR Soelue Eeue] Sav 84 A8Ma o
S{1819] SODAAL o] Thet AFw olo] &, ofwkg FEE so0 o OUISNE YRGS VKT ofef YeIy hsel 3he A

o= el 3Ith26,27]. Table 201141} o] GLE| &€ & &t
w0 SOD SAIEAEE UL, Choi 5{19]0] Wz o) o1z 0l= TR naringind EFASR Shol ?%‘E%k(GAE)Oi i

=] ) N A=) ok 7-7 U =)

2225 ofehS FZE9] 1000 pg/mLolA 12,66 + 137%, 18.88 + - o 254 + 1.3 mg= HERIH, o] AR Aeiard °
L26%% 3k 717H sul, 3] 5 SOD §AILHES Urhgon,  Tonrels BRel w@ A7SA Kim SP8]% VITEO0.15
Park 512018 &E]Ao] & grE FZE 9 Ascorbic acid 500 mg/g), H%(77.65 mg/g), 7F12l(71.60 mg/g), 2415 =2(65.56 me/g),
ug/mLollA] 3323, 52.93%2] S HIekT glon o9} ulmato] ZNTel(63.27 mefg) ook Hmste] vile e A0 2 P
GLEE 1.34) 719e] %2 sop &/9%} ﬁ.—zr%élo Ascorblc ac1d9]r £ A9 bl met GLE] Feldls bt 53 ATehe Alow
Lee {2216] it Felsls] ool er% oD A
& Hoh AT A9el YA, 1eEE GLE: SODE Adjoh- A sEES |
o Zatdel A9 Zejr)s SIS Takek SAE 715 2Am E7E22] ampicillin (Sigma Co., St. Louis, MO, USA)¥} GLES]
A FHE ol 4717} gitkar oA, Pt B2 paper dise 02 S73t0] clear zone®] A71F vl
ZA3}= Table 30 YeRARITE 1 A9E A9 HH Gram-positiveQ] B.

pg/mLolA 6.05 +2.70, 12.98 + 2.00%<1 2ol vl zHz} 7, 3ul 7=
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Figure 3. Comparison of inhibition zone of (1) ampicillin and (2) Graviola Leaf Extracts (GLE) against (A) Bacillus subtilis PM125 (B) MRSA
CCARM3089, (C) MRSA CCARM3115 and (D) MRSA CCARM3561. A 50 pL aliquots of GLE was applied to filter paper and the paper placed

on a streaked plate media. Sample concentration was 500 pg/mL.
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Figure 4. Inhibitory effect of Graviola Leaf Extracts (GLE) against
mushroom tyrosinase activity. (a) The activity of mushroom tyrosinase
which is involved hydroxylation reaction from L-tyrosine to DOPA
was measured by the change in absorption at 490 nm after incubation
with various concentration of GLE. (b) The activity of mushroom
tyrosinase which is involved oxylation reaction from DOPA to DOPA
quinone was measured by the change in absorption at 490 nm after
incubation with various concentration of GLE. Results are expressed
as percentages of control and data are presented as mean + SD. for
independent triplicate experiments (p < 0.05).

[e]
L

subtilis PM125¢1| tiate] @+ A& JERSIAL ©]52 ampicillin®l]
] 37 mm, GLE®|A] 20 mm clear zone& YFEFNITE &A8A A+
-1 MRSA CCARM3089¢] thaliA] GLEx: 3+t &4 HolA| ook
©1, MRSA CCARM3115, CCARM35619] A= at DAS 1}
ERJIGIt)E ©]5S 500 pg/mLe] GLEOIA ZH2t 30, 26 mme] clear

zoneS YERYO] BFEZQ! ampicillin?} B wdte] 2 &+ 4

3sist ® 28 H A 2 =, 2017

YERGITE wEbA] clear zonel] 7] MRSA CCARM311S >
MRSA CCARM3561 > B. subtilis PM125%] =02 HoIF=¢]th(Figure 3).

o3 A¥= Annona muricata®] &, 7] 181l At FEE]
FEL Pl disliA 8-S stk AT Ao fAkekH,
©]i= Annonaceae acetogenins “Ji-ollA] 71Q1sH= 0= dejA Qlrt
[3,29].

3.5. Tyrosinase Aol &M £H

GLE®] 2J3l tyrosinase inhibition &35 Z743}17] £151°] mush-
room tyrosinase®l] 23+ L-tyrosine2] AFs} J 5 573131tk Melanin
9] AL melanocyte ZH-E] melanosome?] FENZ A ZZFE 2]
o] 23 FAshs 9] 2P Ml E(keratinocyte) 2 ©]55to] &
o17}FA ©tH30,31]. Melanin A 3 (melanogenesis)< melanocyte 2]
Eolz o7 WA tyrosinase, TYRPI (tyrosinase-related protein-1),
TRP-2 (tyrosinase-related protein-2, dopachrome tautomerase)©ll ]3|
e Siet AYA e85 Fal 2AgtH32]. ©] 5 tyrosinase
+ L-tyrosine> 3,4-dihydroxy-phenylalanine (DOPA)Z ®}H*= hy-
droxylation ¥F8-¥} DOPAE T}A] DOPA quinone©.Z W= oxy-
lation ¥E-§-ol4] 2-&-3TH33].
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Figure 5. Effect of the Graviola Leaf Extracts (GLE) on cell viability
of mouse B16-F10 melanoma cell. After incubation of B16-F10
melanoma cells with various concentration of the GLE in a 96 well
plate for 24 h, cell viability was determined by WST assay. Results
are expressed as mean = SD. of data obtained from three independent
experiments (p < 0.05).
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Figure 6. Inhibitory effect of Graviola Leaf Extracts (GLE) on a
-MSH-stimulated melanogenesis of mouse B16-F10 melanoma cells.
Melanin content in GLE-treated B16-F10 cells at day 2. Cells were
cultured at 37 C for 48 h in DMEM supplemented with @-MSH (200
nM) with the extract in a concentration dependent manner. Results are
expressed as mean = SD. of data obtained from three independent
experiments (p < 0.05).
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Figure 7. Inhibitory effect of Graviola Leaf Extracts (GLE) against
elastase activity. Ursolic acid concentration was 50 fg/mL. Results
are expressed as percentages of control and data are presented as
mean £+ SD. for independent triplicate experiments (p < 0.05).
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