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Inhibitory effects of crude polysaccharide fractions from
Annona muricata L. on melanogenesis
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Abstract The objective of this study was to evaluate the anti-melanogenic effects of crude polysaccharide fractions from
Annona muricata L. (ALP) in 3-isobutyl-1-methylxanthine (IBMX) stimulating hormone-induced mouse B16F10 melanoma
cells. The inhibitory effect of ALP on tyrosinase activity was approximately 33.88+0.79% at 5 mg/mL. Additionally, the
BI16F10 cellular tyrosinase and melanin synthesis inhibition activities by ALP were 54.2144.76 and 56.74+6.97% at
250 pg/mL, respectively. Similarly, whitening-related protein tyrosinase, tyrosinase-related protein 1 (TRP-1) and TRP-2,
and microphthalmia-associated transcription factor (MITF) were reduced by ALP treatment. These results indicated that
ALP could be used as a functional cosmetic ingredient after confirming its whitening activity related to melanin content.
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£ FAHoNM Fodsl= AAZE tyrosinase, 5,6-dihydroxy-indole-
2-carboxylic acid oxidase?] tyrosinase related protein 1 (TRP-1),
3,4-dihydroxyphenylalanine (DOPA) chrome tautomerase® =&+
tyrosinase related protein 2 (TRP-2)7} 1oH, o]F 71 FH &
A tyrosinaseZ &# A UTHAndo &, 2012; Chan 5, 2011;
Jang 5, 2015). WAL tyrosine®] tyrosinase®] 2|3 DOPAZ
2%k=] 3, thA] tyrosinased]] ]3] DOPA quinone® = #3lz]o]
Zhde AA&HA " h(Jimenez-Cervantes 5, 1994; No 5, 1999).
wEbA tyrosinased] B4 oAl FF U dEld A AEA
Aol AFTHORE o] FoJR|aL QU

H 7 ) gk @ilo] mobxlel wt dWahd S
A7) g ThFst A7) ol R AUk A EAR] v
WEAZ = ascorbic acid, arbutin, kojic acid 5°] 2™, o]

&
3}

HEL tyrosinase AAZA vl 35 oA 2]FAY,

FE @ ookRole] AYPH oz d] o]§FHA don), gET]
i, Wik, A, MR 5o FAES oA AAd ek
e A7 o] B} bdstal HAo] fle AdiA EFS

= A7 s JYHI e
Hibasami 5, 1998).

T2 EEdnnona muricatays EHEE E XL (Magnoliales:
Annonaceae)°ll 312, WA S, ol g7}, FH] BEA 2o
F2 A HE, Aok 4 3 = 283l Atk
(Moghadamtousi &, 2015a). A52 o= Wy, I, 75, L
Ao, BHS, 7 3 A, AY, O58EE A, dAe olF
S A¥she WYr)s MHNER @ WY AALIE Y A
3 tH(Carbajal 5, 1991; Nouemo %, 1997; Yuan %, 2003). =
2H]-&-2}= flavonoid, terpenoid, tannin, stearic acid, rutin, hyperoside
T oSS Al =48 ok ekl Jon, g, At

Aol th(Faria 5, 2011;
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sh, A9E, Ao, d+t, T 59 A4S vety By
F o] A th(Adewole?  Ojewole, 2008; Florence &, 2013;
Moghadamtousi &, 2015b). L&t} 7|9 AFELS F718HE
ARt &S BEEO B3t AFEold, i o =0
T FE2EY Aie gk Aot f718v FEEF 2vT
TYE] Hwek Aer] 2od Y59 350 =2 AL
YeltomJoo 5, 2017; Kim %5, 2017) 2&H)&d o &g
FZZ)A melanogenesis AFNE T3 1Y FFo] RIEAUT
H oA BEE ORI W MY AE s Fof

mepA] B Aoxs aeulsEt o 2ud BEES] v &
TS YolR7] $18}4] 3-isobutyl-1-methylxanthine (IBMX)E 2]
3l mouse B16F10 melanoma cellollA] tyrosinase &4 2 Hzhd
A& &3, TRP-1, TRP2, tyrosinase, MITF, CREB 53 7-&
melanogenesis & A2 B HIE S8 vw a9E A
FotaL wHshgEe] 22X s S AEskTh

N RS
J2H|S2t =Cote BEE(ALP)el M=
2 Ao ARE g eE 4 FEDIA Aol
ARSSIGITE. 7xE aEeE) 98 AEAE E2171(NSG-1002SS,
Hanil, Seoul, Korea)Z &4l|3ted, 1efv]&2} o &2 50 goll 400
mLe] Distilled Water (DW)E 7}t 100°CellA] 2417 B9+ 4
FFZE ST FEEL AE5°I(No. 4, Whatman, Kent, UK)Z
ozt &, ogbel] 70% ofeES 71t 4°ColA 12417 T
W3k 5 AR (3,200 rpm, 20858t YA ZTFHALP)S
2512, o5 WEAzsle] Ayl ARE-sIsth

Tyrosinase inhibition assay

Tyrosinase A &4E tyrosinase?} L-DOPAS] 2H8-ZAx} 234
S DOPA quinoneS HIAHE olg3le] A@eie Wow =
733153 th(Flurkey, 1991). Mushroom tyrosinase (100 unit/mL, Sigma-
Aldrich Co., St. Louis, MO, USA) 02mL%} 7|ZZA L-
dihydroxyphenylalanine (L-DOPA, Sigma-Aldrich Co.) 0.4 mL,
0.1 M potassium phosphate buffer (pH 6.8) 02mL2] &3+ o
FEE0.25 05, 1, 2.5, 5mg/mL) 22H]2E Zug EIYES
Z¥z 02mLE &3 & 37°CollA] 1587F RESAIA 475 nmell A
FH=E =4 s, A4dE DOPA quinoned] A2 As|soz
AT Tyrosinase A3l s Tha-o] fabaol] ofsto] Ahe
At

A -A
Scavenging activity (%)= (1 - M) x 100

AblindeblankZ

AN A, samplest AN 89} G4 FFEE oW,
Ab|ank|% }\]_‘E_‘_Q,]. ‘——;6 QH %%E% ‘/]—E}-LH—?—, A ’E

d FHES YRR, At BAES 959 SRS ek,

B16F10 melanoma cell HH2F

BI16F10 melanoma A|3+= 100 unit/mL penicillin 2 100 unit/
mL streptomycinZ} 10% Fetal bovine serum (FBS)E X2 3sl+=
Dulbecco's modified Eagle's medium (DMEM) (Life Technology,

o] Wepd As) w3} 53

Carlsbad, CA, USA)E A&t e, A= 37°C, 5% CO,
incubator (Thermo, Carlsbad, CA, USA)olA] vl 315 Th.

MZSY 4ot

B16F10 melanoma A|XE 96 well plate®] 1x10* cell/well2]
FTEE BFE 5 37°C, 5% CO, incubatorll A 12417F 5<F uj
FetHA AEZE A3 FEA|LL ALPSF IBMXE Phosphate
buffered saline (PBS. WelGene, Dalseogu, Daegu, Korea)oll -3
sted Zbzb (3125, 62.5, 125, 250 2 500 ug/mL), (25, 50, 100,
200, 300, 400, 600, 800, 1000 uM)2] FE=Z 22jsl] 7247 &
b WA BT AE AES H7FE 98] welld 30 uLe] 3-
[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium  bromide; thiazolyl
blue (MTT; Sigma-Aldrich Co.) €% (5 mg/mL)S A 7I8le] 4x]7F
&S WA TR MTTA k] H7E2 AAE formazans: 35017
18141 dimethyl sulfoxide (DMSO, Sigma-Aldrich Co.)& 100 uL
A 7Vl 1A17F - microplate reader (Epoch, BioTek, Winooski,
VT, USAYE ©]&3t] 517nmolx] FR =5 S0, txas
(medium only)?] 3= S 7|0 E AX AEES H|WSIATE

B16F10 melanoma cell®] tyrosinase &4 =H

B16F10 melanoma A|3ZZE 6-well plate (SPL Life Sciences,
Pocheon, Korea)oll 1x10° cellsymLZ #F3}3L 24A]7F0] At &
ALPE HE¥125 2 250 pgmL)E A stk 2417 &
melanin /& Z371387] 98] IBMX (200 uMyS 2]k
melanin A4 WS STAIZATE 48A17F vl F 1% Triton X-
100 (Sigma-Aldrich Co.)¢} 1mM phenyl methyl sulfonyl
fluoride (PMSF)& &3+ lysis bufferS 200 pL 713l 20%-7F
4°CA WHAIA MEES 83 A7 § AAlEE st 459
< T S dHAS A T A5 100 mL L
dihydroxy-phenylalanine (L-DOPA, 10mM) 100 mL& 718k |
37°ColA IAIZE B9t WHEAIA 490 nmellA] 3 EE SAsIGITh

B16F10 melanoma cell?] Melanin M4 {Xs

B16F10 melanoma A& ©]-§3t melanin 3 A JAleS
7}8k7] 918k phenol red’t §1= DMEM HIXE ARS8l 6-
well plate (SPL)S 1x10° cells/mLE HF3}2 241]7b0] A &
ALPE HE¥125 2 250 pgmL)E A stk 2417 &
melanin A& 7317 93t 200uM IBMXS A ] 5k
melanin A4 WS SXIAZTE 48A17F Wl ¥ 1% Triton X-
100 (Sigma-Aldrich Co.y& ¥%% 10mM phosphate buffer (pH
6.8) 100 uL 7F3tal SE7F wakel & 4lEe]ste] cell pellet
< dpd ggol] ARESIATE F2lE pellete] 1N NaOH 100 uL

S/ 200 uLE 7FSIAL 60°ColA 1A7F wEg-3te] ¢443] =
?l & 405 nmellA FFEE ST

Western blot analysis

BI6F10 melanoma cell 6-well plate (SPL Life Science)ll
1x10° cells/mL=E #F3te] 12A17F 5<F ¢bA3] F2FA]7]5 ALP
£ 125 9 250 pgmle] FE2 B55lal 24]7k] At & IBMX
200 uME A 28k3AT). 48717 5 uljke] 2 Al2E Rl sk
PBSZ 33] A|Z$ & NP40 Cell lysis buffer (Biosource, Gangnam-
gu, Seoul, Korea)S F7F+ & 13,000 rpmollA 15%7F A&
3t cell lysateS #2]3FT. #2]¥ cell lysate= BCA protein
detection kit (Thermo scientific, Rockford, IL, USA)S A}&-3}]
i E Aeks AABAI, welld 20 uge cell lysateS 10%
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7z}

polyacrylamide gelel] o] SDS-PAGEZ ®W/3H-E]3I3tt. o]
£ polyvinylidene difluoride (PVDF) membrane (Millipore, Merck
KGaA, Darmstadt, Germany)©.Z 2|3} 3, membrane
antibody®] B]5<|4 A3S WX|s7] 18] blocking solution (skim
milk 5%) 20mLoA 1A1ZF W28k o] % TBST (20 nM
Tris-HCI, 150mM NaCl, 0.05% Tween-20, pH 7.5)% 1054 3
3 A=8k510, TRP-1, TRP-2, MITF 2 Tyrosine®] 2k
Z4317] 18l 12} &=A(Cell signaling, Danvers, MN, USA)S
12,0002 2 3]45te] 4417k St ¥hgA7]15L, TBSTZ 5%7F 3
3] AFsTh o] ¥ 22 &A|(goat-anti rabbit 1gG Calbiochem,
La Jolla, CA, USA)Z 1:50002.2 34 ate] 247k F<F WhgA]
713, |2 2138k enhanced chemiluminescence reagent (ECL,
Millipore Merck KGaA, Darmstadt, Germany)E AF-3}e] <13}s}
ATk

4 24

ol do] AgollA dojx A= Statistical Package for Social
Sciences (SPSS, 10.0, IBM, Chicago, IL, USA) softwareZ ©|&
3lod one-way ANOVA test2 4131910, A8 7He] F-o4d-2
Duncan’s multiple range test2 p<0.05 F~=ol|A] B3} T}

Zny
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ALP2| Tyrosinase Xali

depd e 1528, degol, #7 58 EFete] B
Ae F7IANA BAEE 2 Ee JEAS ge
ot} Wahd AMie Aedt e AFozRE v
o} 24& Hoshe g ol Aol =M, Hapd AEME7H
Pshe Wepde] ot FRel wet FE-o] AH €k (Berneburg
5, 2000). WEhd AFHY Z7] DA tyrosine®] 3,4-dihydroxy-
phenylalanine (DOPA)S. 2 H3t=3, DOPAE 4FS}A|#H DOPA
quinone®-Z WHIAZl F B2 AL eumelanin?}t 72 AL Q]
pheomelaning F3AIA Heldo] A= =H, tyrosinase= ©1E
o] SRR Hofal dEpd AFAAA TP Fag 9%
< Fasi.

B Ao 2 e T BYE] vy Ao &
sle] Yo}y 9ate] ALPY| tyrosinase A3l #ale] Hr)al
ATHEFig. 1). FANETZLS kojic acidE A& ALPE 5%
8025, 05 1, 25 2 5mgmL)E *2|3lo] tyrosinase?] 27|

o=
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Fig. 1. Tyrosinase inhibition activity of crude polysaccharide
fractions from Annona muricata L. (ALP). Each experiment was
conducted in triplicates, and the results are expressed as mean+SD.

gAdo| #ale] Hrret A3, 102+0.89, 20.56+0.70, 27+1.50,
30+0.78 & 33.88+0.79%°] Aslso] UEFATE ALPY] AHE F%
7} Z718el wel FoH02 tyrosinaseE AAT= How #
ZE ek wEk ALPS A& melanin g0l Bofdte
tyrosinase &4 4S8 AT EZH dapd A Asfel 714
sl o= Azt

ALP2| B16F10 melanoma celle|] MEg =4

aEmlEE 9 o9 2YEe] dWahd A Adlans o}
17] oldel ALPS| AlxEAe] ot Wahd A 7hAv) of
UX] g1sl7] $8t, ALPL| A X54S 7S MTT assays
ol g3l sl MEAEES ZH Alxe tirl =gl
A mEZCgole] gh G490 MTT tetrazoliume] ¥R
MTT formazan®] FAE 7 ©]S T}A] DMSOZ M XS EEH,
Haplo] FAwE =439tk B Aol BIGF10 AlES] ALP
(3125, 62.5, 125, 250 2 500 pg/mL)e} IBMX (25, 50, 100,
200, 300, 400, 600, 800 % 1000 uM)E H2etRe o Yehtes
MEAQEEY] W #dste] dolZ A ALP (500 pg/mL),
IBMX (300 uM) ©]4e] Hz] Fiore AESAo] dojie=
AL B = AthFig. 2). W= B16F10 melanoma M*ES
o] &3k daphd A4 Ao B3k Aol ALPY IBMXS] FHF
] FEE 250 pg/mL E 200 uM olsEta AztEo] 5 4
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Fig. 2. Cell viability of B16F10 melanoma cells after treating crude polysaccharide fractions from Annona muricata L. (ALP) and
IBMX. Each experiment was conducted in triplicates, and the results are expressed as mean+SD. Statistical significance (***p<0.001) is

indicated for treatments versus control (CON).
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Fig. 3. The difference of melanin contents in B16F10 mouse
melanoma cells treated with various solvent fractions of crude
polysaccharide fractions from Annona muricata L. (ALP). (A)
control, (B) IBMX; 200 uM, (C) IBMX+125 pg/mL. ALP, (D)
IBMX+250 pg/mL ALP.

ALP2| B16F10 melanoma cell Mz} A4AXIE oixf| SOt

= Et
B16F10 melanoma A|Z = & AR aEmeE o =
g 2Y=0] vAE 9 %6} 1 98] B16F10 A3l ALP

(125 2 250 pygmL)E A stx, datd =2 93] IBMX

(200 uM)YE: EA| A2kt X%E] T AIES pelletS S9HF o

2 A0S 1 IBMXE HskA] ¥ 7ol ﬂ]o}&l IBMXZ
%l

2g)sk oA Ae gdesoz Wilsls AL A= 5 YA
om, IBMX$F ALPE 3 A2letds 4% v= «] Exoz A
o] dojxle #AT 4 AAkFig 3). WA ALPZE IBMXO
93 =% BI16F10 melanoma A2 dapbd A é:% axFo

= Aslale Aow A7kE,

ALP2| B16F10 melanoma cell?| Tyrosinase
MBIM K5 &M

Aepd Ai= FRA ALHds F5, R 71es 7t
A3 AL wololl o Fadk 4TS vl depd dPS
tyrosineS 7]1E = tyrosinase, tyrosinase related protein-1 (TRP-1),
tyrosinase related protein2 (TRP-2)° <2]3] DOPA quinoneii
A%E 7 AFAeke T F40ES-0Z DOPA chromeS 714 &
ZAol FEEAQ Hebdg AdshAl Erh(Fergusonst Kidson,
1997; Hearing?} Tsukamoto, 1991). ©|5 tyrosinasee &=AISH &

A2A dEide] A eNA Fas 2E DAl Bdl=

"atd

b=}

ke

Eho|BE o] B B4 Ao AxE Qd”‘oi’ﬁ Hahd
A QA E5E AT = st 2 AFelA= IBMXO <]
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§ 400}
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3 fred Wepd A 2dA ZeplEet o 2ud 29E
o] AR EHE FRIsl7] flste] BIGF10 AlZel| IBMXS ALPE
A Agste] AMxu Hehd A8 tyrosinase 4 S5
tHFig. 4). 2 A3} tyrosinase &/dolA IBMXRE X2 gF ol A
= tyrosinase B/d0] thxol Hlsle] 87.32+4.34% F7H A&
I = den, ALP A Aol tyrosinase B4 0]
B OEAOR (5267H027% B 56.74£697%) WAFHe RO
2 ERdthFig 4A). £ Wi ke 348 doeliE &
ARSE oS HIthFig. 4B). WA 24U Hza3 IBMX
= Aol defd 345 vaste] & o IBMX ©@EAEE
oA HeEpde] o] 59.67+4.34%= —7} Zo= Hol IBMX
o 23t melanogenesis”} ﬂu_ﬂ PeS YEAL, ALPE A
g oA el o] «l+x4(44 20+4.08% 2 5421+
476%) 0% 24" Aew gl & 4 gt wEha B ¢
Al ALPQ] AHE|:= tyrosinase] 941%] ol o2} melanocyte®l Al
IBMXZ §%=3k= melanogenesisE S22 oAshs FAo=

A7pE,

¢

i

ALP2| B16F10 melanoma celle| HW2i-d M4 ZH CHEE
el Xssmt

dapd A AsAdd AAele thke AsddEde] o
Sl o 93k Al U] 215D ZE cyclic monophosphate/
protein kinase A (cCAMP/PKA) 7dZFA|, cAMPE= PKA, cAMP
resposive element binding protein 1 (CREBI1)2 743} micro-
phthalmia-associated transcription factor (MITF)] &S 7131,
st MITF= dHabid A4 oA Fash dAF 24 1At
= tyrosinase, TRP-1, TRP-29] ZXFE &/dst AlZickar 4&A 3l
ThHan 5, 2010; Park 5, 2013). ¥ AFolA= za}tﬂ&a} &2

}_q‘\;} Hp:]o uﬂa_l/] tﬂ-k]oﬂ HE 1;]—\31421 \:ﬂ—zs:]oﬂ ]‘— ogf;o]:
< H718l7] €18 TRP-1, TRP-2, tyrosmase MITF ¥ p-CREB2]
e ks 23519 tHFEig 5). IBMX ©% A4 E TRP-1,

TRP-2, tyrosinase, MITF 2 p-CREBS| W& %o] Z718l%0mH,
ALP E/\] ﬂa;oﬂ)\ = %‘_E‘__O]_J_)H__E nE Tﬂ—ﬂﬂ;do] ul—z‘ﬂolzo]
ok AL & 4 ek Slol AnE ol aepleet 9 =
0% 23 Eo) cAMP/PKA AZA wahd A e olxzpel

TRP-1, TRP-2, tyrosinase, MITF % p-CREB T}z o] WS g
FH oz At dHepd S Ak o= Azt o
gGA w9 29 2= dald AAEA 7]
e Az sl 383 & U= AV @ A= Azt
300,
. (B)
[~
S8 200
EE
=t
2 E .
< 8 100}
14
0
IBMX - " " o
(200 um) 125 250

ALP(pg/mL)

Fig. 4. Effect of crude polysaccharide fractions from Annona muricata L. (ALP) on tyrosinase and melanin synthesis in B16F10 mouse
melanoma cells treated with 3-isobutyl-1-methylxanthine (IBMX; 200 uM). Each experiment was conducted in triplicates, and the results
are expressed as mean+SD. Statistical significance (***p<0.001) is indicated for treatments versus only IBMX-treated group.
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Fig. 5. Effects crude polysaccharide fractions from Annona muricata L. (ALP) on the levels of protein expression of TRP-1, TRP-2,
MITF, Tyrosine, p-CREB in B16F10 mouse melanoma cells. Cell were treated with 200 uM IBMX in the presence or absence of ALP (125
and 250 pg/mL). Results are expressed as the mean+SD (n=3). Statistical significance (*p<0.05, **p<0.01, and ***p<0.001) is indicated for

treatments versus only IBMX-treated group.
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B Ate 2epleEt d 2o FYE(ALP)S] dWahd A
Aol #sle] dolrr] $13ke] B16F10 melanoma Al E2] A E
AEE, tyrosinase A3, HEhd s, dWahd Aol o
3= T A(TRP-1, TRP-2, tyrosinase, MITF ¥ p-CREB)2| 4t
S A5k ALPY tyrosinase B4 Asl5S =439S W,
FE EHOE ishke AS & ATk %3 BIGF10 Al
o ALPE A5t Hepd 84 Asllsel Hete dolgks o,
tyrosinase, Wehd o] T YEHOE Fou= FS ERIS
Stk S ALPZF W@zl @ E TRP-1, TRP-2, tyrosinase,
MITF % p-CREBS| ©¥ld WHfo] FEoEX 0T IHar=
Aoz FAEY. webd ALPE 2Ebd As) 48 aFo
2 Uil 20 & Hol 7|5 vl s AAIEA Y] &8 7
TS ER1T & ATk
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