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Effects of Gamma Irradiation on the Extraction Yield and Whitening
Activity of Polysaccharides from Undaria pinnatifida Sporophyll
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Abstract

We investigated changes in the extraction yield and whitening activity of polysaccharides from Undaria pinna-
tifida sporophyll due to gamma irradiation. U. pinnatifida sporophyll was gamma-irradiated at doses of 10, 30,
50, 70, and 100 kGy, then extracted with hot water and precipitated with ethanol to extract polysaccharides.
Crude polysaccharide yields increased with an increase in irradiation dosage, but tyrosinase inhibition activity
did not change. Melanin synthesis did not significantly differ between B16BL6 cells treated with irradiated
and non-irradiated samples. In conclusion, gamma irradiation increased the crude polysaccharide extraction yield
but did not change the whitening activity of U. pinnatifida sporophyll. This implies that gamma irradiation can
be used to increase yields in the cosmetic industry, thus increasing profits.
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Melanin< AEA o] 9] EXHo] e AAZ AA
A= B3I =9 A+ melanocytedl A A4 E k. Melaning
A Ao ZAL3F= F2& 47} tyrosinase©] TH1).
Tyrosinase polyphenol oxidased] ¥ o & 38 = g
3 FAEMHR A A EA tyrosines L-3,4-dihydroxy-
phenylalanine(DOPA) 2. & ¥ 3A] 7] 31, TFA] dopaquinone,
dopachrome®. 2 ¢] W87 4S A melanin® ¥AL &
E=3TH2,3).

HT AAEAA tyrosinase A &8 2= FES
ANstr] 915 =go] Wol o] Fo] X1 It} Melanin #/3
S A= 2 EAE e FEEFFo|2REH Eod
kojic acid(4), hydroquinone(5), oxyresveratrol(6) 1]l
p-hydroxybenzyl alcohol(7)¢] 1o, HAEZ = Ay
GuUF, A2 5Y HE FEE0] 48 ¢HA ATHEO).

FxFAAM FE23 &4 dTFRe A28 dZHEA
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2 TEE, AA vwA 2 gASA
o9 2 Ao E AR HETHI2).

dxF x| &aste w99 By FEQ v 9H
(Undaria pinnatifida sporophyll) = 2] &0 2+ o] o]
A ot 3, e TY VIS 8AFLEZAY AT THeA
o] 2 EAZ Y1 Ith13). Fucoidan® 722 =tk
FR g B AF7F ol o] FoA L =
(14-16) 53] v Aol+= v &S Ye = fucoidan©]
6.65% = 2.71%%1 thAlutel] w3 3] A= Erh= A7t
H 5o tH(16).
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A 10 g(AxFH) 32 /T
ZAH10, 30, 50, 70, 100 kGy) &
241 &<k 100°Coll A 8-F F&319 3, o7 (Wattman,
No.4)dle] 70% oler& 2 4°Coll A 12A)17F F<F wrtala A
Z03E FEIAT FE289L YAEF 10,000 rpm, 10
min)3te] 20 S B3I olE TAAX st B AY
o Ab&-3tATh Zrbd o ZAME Sha A E AT AR
}8F 5 2 (Jeongeup, Korea) W A€ 11.1 PBq, “Co 7w}
A ZAMA A (point source AECL, IR-79, MDS Nordion
International Co. Ltd., Ottawa, ON, Canada)S ©]&3}
A2(22+1°C)l A A 7HE 10 kGye] AZHEZ Z+2 10, 30,
50, 70, 100 kGy9] & &F54%E A=E 9t 54479
&2l alanine dosimeter(5 mm, Bruker Instruments,
Rheinstetten, Germany)& A3}t HIZAMEQ] 0 kGy
© 59 2E8HE A7) Y3t vk AR 9o
BaetAa, A A% AL Aot A 4°C ¥ el
A3t At

[e2

Melanin 44 @& 54317] 93] £ dFolle =A%
Fo3P oA EFe BI6BL6 melanoma Al EFE AL&-3}
%t} B16BL6 melanoma Al X+ 10% fetal bovine serum
(FBS)¥} penicillin, streptomysin(100 unit/mL, 100 ug/mL)
2 373+ Dulbecco’s modified Eagle’s medium(DMEM)
07 37T°CE FAHE 5% COy Wl F7]elA wl kst

o

Mushroom tyrosinase inhibition assay

Tyrosinase A3l%5< tyrosinase?] 28 A3} A=
dopachrome& BRI o] &3] =431 H21). Sigma
AHSt. Louis, MO, USA)olA 43 &4 N (mushroom
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tyrosinase, 100 unit/mL)<S 0.2 mL, 712 &4 L-DOPA
(dihydroxyphenylalanine) 0.4 mL, 0.1 M potassium phos—
phate buffer(pH 6.8) 0.2 mL2e] £3 )] A8 02 mLES &
7bek & 37°Coll A 1523t ¥E&AIA 475 nmoll A F4 35k
dopachrome®] M3lE A5 o2 323Gt Tyrosinase
Aslse theel Saralel ofatel AT,

A5 (96)=(1- —5——)x100

A Fadg A7tE AE AT

B aadE et &2 A8 AT

C &2 Hrh F AE WA FRSS M 3=
D: Eads A8 B SREFE WS FRE

M ZMZ=2(cell viability) H7}

B16BL6 melanoma cellS 96 well platedl] ¥} =] 2.4x10°
cell/well 522 BF3 & 37°C, 5% CO, incubatorol] A 44]
7t Bt vl FstAA A7) plateo] €3] H32E oS 0,
10, 30, 50, 70, 100 kGy Ao 2 WA 2ALE w2
H F&4d 93-S 125 250, 500, 1,000 pg/mLZ =& 3k
T 72X S v st T MXEABEELS T2A1ZE o] ZF
wellell EZ-Cytox(Daeillab Service, Seoul, Korea)& 10 uL
A Arstar, 37°CAlA 1A17E 5<% ¥Hg-A1Z1 5 450 nmol A
FAEE S5 A

MZL melanin A4 x| 2}

6 well plateell 5x 10" cell/wellZ B16BL6 Al £Z2 HF3}
a1 37°C, 5% CO» incubatorol] A 4A]7F ZoF i k3t 5 A|E
7} plateol] €8] F2E A& gelgk F 0, 10, 30, 50, 70,
100 kKGy= A ZAME M9 AR RE FE53 2oE S
1,000 yg/mLE X &)3t9 k. 2 % B16BL6 melanoma A%
9] AlZY melanin®] FAAZS FE317] ¥+ 100 nM <]
a-melanocyte stimulating hormone(a-MSH) = €] s}ar 72
A7 B AR 31 cell pellet2 22 5 1% Triton X-
100(Sigma)& 3+ 10 mM phosphate buffer(pH 6.8)2
100 uL 7}3kar 587k kst & YA4E-E] 3k melanin 78 %
o AF&-3tAth 2149 pelletd 1 N NaOH 100 pLo} =75
200 uLE 7F3tar 60°Coll A 1413 Hhg-3te] 3] =0 &
405 nmollA &3 =5 =439 Melanin 3552 (Sig-
ma)Z2FE & AFAE o] &3t ZF welldlA BAEE
&3 Melanin A4 FS T EZF iy

ng/mLZ E 7139 0H12).

melanin ¥&

SHXE

o]de] AgoA Ao A= SPSS Statistics 18.0
Network Version(on release 18.0.1 of PASW Statistics)<
o]-&3}] one way ANOVA testZ A3l o4 2}
o]7} A& & tha A= Duncan’s multiple range test=
p<0.05 FFAA Folxt HAGE AASAT
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Table 1. Changes in yields of polysaccharide from irradiated
Undaria pinnatifida sporophyll

Dose (kGy) Yields (%)
0 6.12£0.92V%

10 11.13+0.26°

30 10.82+0.37°

50 14.13+0.57"

70 14.16+0.16"

100 189140.14°

})Each value in mean=SD (17=3).
Values with different letters are significantly different (p<0.05).
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Tyrosinase 1A
WAL ZALE
A A4S cell free systemol &
Yel At} Tyrosinase A 35 FolH 7] -?4’3}04 t'“\}
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5, 10 mg/mLE Z}Z} Z A%k

E
i
X
=2
>
"
_1_4 m,w,
2o}

S
o
ox
i
i
E)
o

AF - AED - SHA - 0 FE - AT - K
100 1 a" M Concentration at 1 mg/mL
a O Concentration at 5 mg/mL
80 - O Concentration at 10 mg/mL
601 a

40 A

20 A

e " o b"
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kojicacid 0 kGy 10 kGy 30 kGy 50 kGy 70kGy 100 kGy

-20 - Sample

Fig. 1. Tyrosinase inhibition activity of crude polysaccharide
extracted from gamma-irradiated (10, 30, 50, 70, 100 kGy)
and non-irradiated (0 kGy) Undaria pinnatifida sporophyll.
dyalues with different letters differ significantly (p<0.05) at the
concentration of 1 mg/mL. * Values with different letters differ
significantly (p<0.05) at the concentration of 5 mg/mL. * ¢ Values
with different letters differ significantly (p<0.05) at the concen-
tration of 10 mg/mL.

4] mushroom tyrosinase &4 848 =
I, 2= 1, 5, 10 mg/mLe] F= 7ol whef 042,
5.11, 8.06%, 100 kGyol A= 1, 5, 10 mg/mL2e] 5% Z7}ol
we} 320, 596, 11.18% = Z12}e] sampled| Al HE9] 57}l
e} 121402 tyrosinase?] 245 A= Ao B
ZE Aok W FARA o] F74gel Wl tyrosinased] &
AL AN BEFS BRAou Fode el &
ktH(Fig. 1). Tyrosinases ¥ 7] A& 2+ melanocyte
©] melanosome®l| A tyrosine &-& DOPAZ 7| A= &lo 1
Fo] A FEQ melaning A sh=dl JoIA key
enzymeS 2 ZH-g-8h= &40 TH26). Wb £ Aol A W
IAZREEYH FE3I 2L tyrosinased HAES E8) A
Yo MEy HES grol nuEgds FAAA
FE 8L T 5 AL AoE AlRHY I WAL Y
[=s
y

melanin A

ZAE v =
2 FEH AT gEha
3T FEEY
Mz MZ=S(cell viability) 3 melanin 44 24X St
ek 24 m g ARR Y FE53 20 Y melanin A
3 AA BT Bl Yol 7] §13te 42 22 BI6BL6
melanoma cell®] AE&0) 1] X= kol #A3lo] BA3HY
TH(Table 2). ®AHD BIZAL B ZAL JJr AE FaA Qo
E_E}WQ 125, 250, 500, 1,000 ug/mLe] T2 AlEof g
I A7 Zot HiE Ax thERFA e AESS
100% =2 HlwstgS W AME A 270, 10, 30, 50, 70, 100
KGy)dl A 9380 MEAEES] Hsle FFEHA U
(Table 2). WA melanin A4 A &3 A3 A= 1,000
pg/mL 2] Ag-ste] AR AtH(Fig. 2).

A Z W melanin®] 432 tyrosinase, tyrosinase related

rrc=
o 1-=
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Table 2. Cell survival (%) in BI6BL6 melanoma cell line treated with crude polysaccharide extracted from gamma-irradiated
(10, 30, 50, 70, 100 kGy) and non-irradiated (0 kGy) Undaria pinnatifida sporophyll

Dose (kGy) 125 pg/mL 250 pg/mL 500 pg/mL 1,000 pg/mL
Kojic acid 105.93+£9.12"% 108.46+9.94° 10450+ 2.62° 97.67+1.77°
0 80.81+12.96" 83.90+6.09 83.94+3.75™ 93.75+4.19"
10 87.90+2.32" 90.39+4.29" 96.18+9.08" 98.65+3.47*
30 106.90+£8.14" 102.19+£2.94 97.78+5.73" 97,51 +5.86"™
50 83.76+8.15" 82.42+4.64 80.29+4.70" 87.03+7.31™
70 86.53+6.84" 86.12+7.33" 80.45+6.44" 79.83+7.33™
100 86.26+1.86" 81.69+4.10° 86.66+5.33" 01.74+3.28%

YEach value in mean=SD (1=3).

PValues with different letters within a same row are significantly different (p<0.05).

120 4

80 1 ¢ -

60 -

40

20 A

0 T T T T T T T T
Normal a-MSH kojic  0kGy 10kGy 30kGy 50kGy 70kGy 100kGy
only acid

Sample (1000 pg/mL)

Fig. 2. Inhibitory effect of melanin synthesis by crude poly—
saccharide extracted from gamma-irradiated (10, 30, 50, 70,
100 kGy) and non-irradiated (0 kGy) Undaria pinnatifida
sporophyll in B16BL6 melanoma cell treated with a-MSH.
““Values with different letters differ significantly (p<0.05).

protein-1(TRP-1), tyrosinase related protein-2(TRP-2),
cyclic adenosine monophosphate(cAMP), adrenocorticotropic
hormone(ACTH), forskolin % a-melanocyte stimulating
hormone(a-MSH) 59 thefst IS ofsliA =ddth
(27-29). 1% o-MSHE ¥3l54 2 RS 233 o7
7R B2 ZF Ao A B8] == pleiotropic moleculeZM A 3
g} 48 A (melanocortin receptor 1, MCIR)$} 235}
gamma G proteing A 3}A1 7141, ©]2¥ S 2 adenylate
cyclase 439 93 cAMP7} S715 a1 A4 2 2 protein
kinase A(PKA), tyrosinase &4 5& %3} melanin A4
< Z&ZA)171™ microphthalmia-associated transcription
factor(MITF) ©9id o] W8S Z7}AlA tyrosinase A A
o BEE sk Aom A Avk30,31). Park 5(12)
o] Aol 9]51H Bl6 melanoma Al ¥ A ThA|n} d¢=F5
-2 melanin A A1A 1, 10, 100 uyg/mL =M F
T oEHoZ JAAAY o]d B AT A= BI6BL6
melanoma A X o] a-MSHE *]2]3}4] melanin®] 848 =
KA 7] melanogenesis # AL 53 3 7upd ZA} 3
AL Fotd 2 P9 209 FEE9 A7} melanin
AT H A= HEE FEIAT Avkd ZAFE 9
H] Z AL o8 melanin A4 A =3 AZE Fig. 29
el ot F3 2+ (non-treated group)ell HIsFe] a-

MSH A 2]l A melanin®] ¥ =7} 94 (p<0.05)0.2 &
7]'5} Ao g Hol a-MSHeol| )3 melanogenesis?} A3 2
2 AEEHASS RAFTh T8 FAANERTE A3 kajic

acid 2] 2514 melaning] A4 Fo] 723 (p<0.05)L
2 AaHe AoE #FHG N, Mg 20 FEES
A3 BRE 21894 a-MSH A2 2} melanin®] A4 A
gol] froHor Fare AL #FY & AR 1Y
AR 2AdFe] ©E melanin A3 o] WS s B#EEXA
FAtt ol g AHE v Fo| Kol Fmpd A= HIZAL
T-9F ¥15: 8 melanin A4 JA EHRE YER= ZOE AL
SHH, &2 AVE o15S 1EEAS W AFE SHel
A R FAHHERA 5HE A F US HoZ AsHTh
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melanin A9l F 234 Z-83F= tyrosinase |
7} melanocyte?] melanin A4 AASES FHrtst ot
3 AF, AN Y ZARe A gEF o 29 F&
&S F7MA713, tyrosinase A &4 2 a-MSH=E
melanins 44 4171 B16BL6 melanoma Al W melanin
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